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I. INTRODUCTION 
aanthic invertebrates have long bean recognized to be 
important to the stream ecosystem as food organisms for fish. 
Changes in the stream anvironmant are often refl~ctad in the 
population& of banthic invertebrates. 
Percival and ~hitehaad (1929) found that insects comprise 
from about 60~ to over 90% of the bottom fauna. Thay noted 
that the Chironomidaa often mada up a significant portion 
(40%) of mast samples. 
In this investigation the Chironomidaa (Oiptara: 
Na~atocara) ware selected for particular attention because cf 
their importance as fish food and their numerical abundance. 
Other organisms ware included in the study in an attempt to 
clarify the relationship of ths Chironomidae to tha total 
community. 
~aakly physical and chemical measurements were made 
throughoutthe study in an effort to determine soma of the 
natural stresses thasa organisms must encounter. Three 
stations ware selected to determine water chemistry changes 
along tha length of the stream. It is possible that chemical 
differences may be reflected in tha invertebrate communities 
observed. 
It is hoped that through such studies, eventually, a 
better understanding of how ecological factors ara involved 
in the fluctuations of banthic communities will develop. \ ' 
A. Sandy Creek 
Sandy Creek, located in monroa and Orlsans Counties, New 
1 
York, drains approximately 2.225 hectares (56,880 acres) -
of land (Hubbard, 1970). In 1958, tha New York State 
Pollution Control Soard classified the area as primarily 
agricultural, ~rchards, and rQsidantial property (fig. 1). 
Sandy Creak diverges into two major tributaries, ·tha £ast 
fork and the ~est fork, 21.2 km. (13.2 mi. ) upstream from 
the mouth. In 1940, tha New York Conservation Department 
designated this portion of the creak to be available for 
fish stocking and tha Pollution ContrQl Soard recommended 
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that the-be~t usage of this section of the stream was fish-
ing. All portions of the stream above the fork ware classified 
as suitable for agricultural purposes. 
The Conservation Oapartmant (1940) reported that tha 
suitable section of Sandy Crask had bean stocked with Small 
mouth Bass (Microptarus dolomiaui) and Bluegill Sunfish 
. (Lapomis machrochirus). Collection records for 1967 to 1970 
indicate that 31 species of fish have bean taken from this 
section of Sandy Creek using minnow sainas (Claffey, 1971). 
A detailed list of the fish collected is presented in Tabla 1 .• 
Twenty eight species of aquatic vascular plants have 
bean recorded from the mouth of Sandy Creak by the Naw York 
State Conservation Oapartmant (1940). The list of plants and 
their relative abundance ara presented in Tabla 2. 
A parmanantgauging station has never bean established 
on Sandy Creek by the U.S. Geological Survey. Therefore, data 
' . 
of discharge rates for Sandy Crea~ are somewhat lacking. 
Available discharge values are summarized in Tabla 3. 
3 
Sandy Creak ~as sampled at thraa pool locations identi-
fied on fig. 1. Each station consisted of a section of the 
stream approximately 30 meters in length. Station I and II 
ware located in Monroe County, while station III was in 
Orleans County. 
Station I was located 1.56 km. (0.979 mi.) from the mouth 
and 20 matars downstream from the highway bridge on ~.Y. 
Route 19. The stream is approximately 33 meters wida and 
the water depth in the main channel ranged from 0.5 to 1.3 
meters. The substrate from which samples ware taken at this 
station was silty and often contained sticks and filamentous 
algae. 
The highway bridge on Radman Road marked the beginning 
of station II. This was 11.69 km. (7.3 mi.) from the mouth 
or 10.13 km. (6.63 mi.) upstream from station I. The sub-
strata at this station was mora firm than that of station I 
and consisted of gravel, loose stones, and some silt. Tha 
creak is approximately 30 meters wide and 0.3 to 0.7 meters 
deep in the main channel. 
Station III, located on the East fork of Sandy Creak, 
was 34.9 km. (21.8 mi.) above the mouth. The section sampled 
extended 30 meters upstream from a point approximately 60 
meters from the Holley Watar· Worksreservoir dam. Tha impcund-
mant created by this dam is about 20 meters wide, 1.5 meters 
deep, and 310 meters long. Tha substrata consisted of sand 
' and fine detrital matter. This st~ation was shaded during the 
summer months by willow treas which lined the banks. 
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d. The Chironomidaa 
The larvae of the Chironomidaa ( Oiptera: Namatocera) 
ara slender, elongate, segmented cylinders. Thay range in 
siza from approximately 2 to 30 mm. (Pannak, 1953 ) . Tha 
larvaa are characterized by a pair of prolegs on the first 
thoracic and last abdominal segments. Spitacles are absent, 
but respiration may ba assisted by the presence of anal gills 
and in some instances abdominal gills. 
Coloration of the larvae is variable. Soma members of 
the family are white, yellowish, greenish, or pinkish. The 
best known members are the most noticeable bacausa of a deep 
red colored blood pigment, erythrocruorin (Pannak, 1953). 
Secausa all invertebrate hemoglobins are built aro~nd the 
same heme group, the name erythrocurorin has bean dropped 
in favor of hemoglobin (Prosser and Brown, 1961). 
from the investigation of the gut contents of fish 
(Johannsen, 1903, 1905, 1937a, 1937b; New York State 
Conservation Department, 1940) the larvae of the chironomids 
are known to be important as fish food. Johannsen (1937a) 
pointed out that in soma cases the midges constitute the 
sole diet of the Brook Trout, Salvelinus fontinalis. 
The nomenclature of tha midges has bean extremely con-
. 
fused as a result of one man, OOeigan, who erected two separate 
and distinct methods of nam-ing midges.. from 1803 to 1908 
the family name used was Chironomidaa, and tha type species 
' 
was Chironomus ta·ntans. In 1908, a \man by tha name of Handal 
discovarad and reprinted a paper written by meigan in 1800 
( malloch, 1915a ) . Some dipterologists, claiming the rule 
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of priority, began using tha 1800 family name of Tandipedidaa 
and tha type genus of Tandipas. Malloch, a more ~onservativa 
taxonomist, examined tha rules of the International Congress 
of Zoological Nomenclature (ICZN) before making a decision. 
It was his opinion that, . bacause of Articles XXV and XXX 
of the ICZN,tha names of 1803 should be retained and the name& 
of 1800 suppressed (Malloch, 1915a). Articles XXV and XXX 
required that for a typa genus to be erected there must be 
a definite species name or description published at the time 
of the erection of the genus. The paper of 1800 did not 
publish a species name or species description and thus the 
names ware invalid. This seemingly simple interpretation of 
the rules was not finally agreed upon, however, until 1966 
(Oliver, 1971). 
Continental workers, notably Thianemann and his students 
at tha max Planck lnstitut, classified primarily tha larval 
stages (Chernovskii, 1949). However, most Americans ( Malloch, 
1915a, 1915b; Townes, 1945; Johannsen and Townes, 1952) with 
the exceptions of Johannsen (1937a, 1937b); Robach (1953, 
1957) and Sublette (1964) have tended to follow Edwards (1929) 
in study~ng adult forms. This had provided one of the great 
difficulties in working with chironomids. Thereis no simple 
way to ~slata ~ha larval taxonomic : systams to tha adult 
. . 
taxonomic systems. Cherncvskii (1949) felt that the larval 
classification system of Thianemann was unnecessarily complex. 
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The problem is further complicated because close 
affinities between larval species do not necessarily represent 
close affinities among aault species and vice versa (Pennak, 
1953). The importance of rearing larval stages in order that 
larval and adult forms may be associated has been recommended 
by Edwards (1929) and ~ebb (1970). 
Johannsen (1937a, 1937b) and Sublette and Sublette (1965) 
recognized five subfamilies within the Ghironomidae: 
Tanypodinae, Podonominae, Diamesinae, Orthocladiinaa, and 
Chironominae. ~irth and Stone (1956) recognized an additional 
subfamily, Clunianinae, which is predominately marina. Oliver 
(1971) reporting an the world distribution of the Chironomidae 
cites one . additional subfamily, Aphroteniinaa, which is 
strictly rheophilic and has been described only from Africa, 
South Hmerica, and Australia. 
The Podonominae are much more common (120 species) in 
the southern hemisphere than in the northern hemisphere (20 
species). According to Oliver (1971), the Podonominaa are 
cold adapted and rheophilic. The Diamesinae are also 
rheophilic and cold adapted although a few genera do occur 
in lentic habitats. These midges may be found most often 
in the colder regions of the polar lands and in mountain 
streams. 
The subfamilies Tanypodinae, Orthocladiinaa, and Chiron-
ominae are best adapted tp standing water and are thermo-
philous (Oliver, 1971). There are, however, species which 
can survive in running water or cooler habitats. The 
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Tanypodinae and Chironominae have not been recorded in 
Antarctica. uliver pointed out that 50~ of the midges in the 
Amazon are from th; Chironcminae, and as the latitude increases 
one finds fewer species. The opposite is true for the 
Orthocladiinae for thay are the dominant subfamily in the 
arctic. The orthoclads occupy the broadest range of all the 
Chironomidae (Oliver, 1971). This subfamily contains tnu 
only terrestrial spacies. 
The monumental catalog of North American Diptera is the 
most comprehensive listing of species and distribution (Stone, 
1965). Unfortunately, this work is out of print. Subl~tte 
(1966a, 1966b, 1967a, 1967b) has studied and classified the 
type material of the American Museum of Natural History, the 
U.S. National nluseum, the Canadian National Collection (Ottawa), 
and the Cornell University Collection. These papars provide 
valuaole redascriptions of adult type material and information 
about type localities. 
The physiology of respiration for the genus Chironomus 
has been studied rather extensively by Ewer (1942) and Walshe 
(1947a, 1947b, 1947c, 1950a, 1950b). Ewer (1942) repeated the 
work of Harnisch for two reasons: 1) temperatures wars allowed 
to vary in his controlled temperature exparimont; and 2) ha 
assumed that 20fo carbon monoxide used to block hemoglobin had 
no other physiological effects on the behavior of the larvae. 
Ewer found no significant difference batwean the respir~tion of 
normal animals and carbon monoxide treated animals when the culture 
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water containad from 3.5 to 6.5 cc./l. (5.0 to 9.3 ppm) of 
oxygen. When tha oxygen level dropped below 3.5 cc./l. (5.0 
ppm), the normal animals consu~ed more oxygen. £war (1942) 
concluded that in Chironomus, hemoglobin function~ in oxygen 
transport only whan the oxygen concentration is below 3.0 
cc./l. (4.3 ppm). 
Walshe (1947a) studied respiration in Chironomus after 
they were kept in ,_ deoxygenatad water. The animals ware in-
active in dsoxygenatad watar. ~hen oxygenated water was 
raintroducedthe larvae became active and respiration increased. 
Walshe confirmed tha conclusions of £war (1942). Walshe also 
found that there ware seasonal variations in the respiration 
activities of Chironomus. A direct relationship may have 
existed between temperature and respiration. Walshe presented 
soma evidence in this study that under anaerobic conditions the 
animals may function via anaerobic metabolism, and that when 
oxygen is restored, the increased activity is an effort to 
expell tha products of anaerobic metabolism. 
Haemoglobin is thought to be functional in raspiration 
at 11° C. in Chironomus between 9% and 37~ oxygen saturation. 
while in Tanytarsus hemoglobin appears to function between 
5~ and 25% oxygen saturation (Ewer, 1942). ~alshe reported 
that Tanytarsus ·usually is found .in water which exceeds 50% 
oxygen saturation. Under natural conditions, hemoglobin did 
not perform a respiratory function in this midge (~alshe, 
1947b). 
~alsha (1947c) showed that spacia& from lentic anviron-
ment& are , ., be~ter able to withstand periods of anaar-
biosis t han are species fro m lotic environments. Sha also 
found that lentic species can better tolerate the ef facts 
of higher temperature. 
Filtar feeding in Chirono mu s ~as found to be,i~varsely 
related to . respiratory activity ( ~ alsha, 1950a ) . In wall 
aereatad water at a pH of 6.0, Chirono mus plumosu s s pent 
9 
only 2.5~ of the time irrigating its tub~ (a respiratory 
function). At 5% oxygen saturation tha larvae spent nearly 
100~ of the time irrigating their tubas ( Walshe, 1950a). Thus 
oxygen concentration influenced the ability of the organisms 
to faad which in turn provided energy for respiratory activity 
during periods of low oxygen tension. 
Walshe (1950b) was able to demonstrate that the presence 
of hemoglobin directly increase the ability of· the larvae to 
with stand anaerobiosis. Midge spacias lacking hemoglobin 
are not capable of tolerating any extended period of re-
ducad oxygen tension. 
C. Review of Literature 
1 • Sampling Techniques and Equipment 
Sampling procedures and sampling devicasusad in stream 
surveys have bean discussed in soma datail by macan (1958~ 
and Cummins (1962). macan provided some illustrations of 
unusual apparatus, while C~mmins made recommendations regarding 
the analysis of the substrata associated with banthic samples. 
Sampling equipment may be grouped into thraa categories; 
I 
those which remove a definite area cf the substrate from tha 
sampling sit.ei those in which stream currants &waap dislodged 
animals into a mesh bag; and those which employ substrat~s 
of known area upon ~hich colonization is allowed to take 
place. 
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Ekman and Paterson grabs are examples of the first type 
of equipment. They were originally designed to be used on 
soft !ake bottoms. Considerable success using the Ekman sampler 
in streams, in the absence of large stones, has been demonstrated 
by ~ilm and Dorris (1966), ~ilm (1968), and ~athis and Dorris 
(1968). Anothar sampling device of this type was Needham•s 
(1934) foot squar e box. It enclosed a specific area of sub-
strate. Stones within the box wareremoved and scrubbed. The 
substrate inside the box was then stirred and repeatedly fish-
ed with a very fine hand net until no additional animals 
could be found. The efficiency of these samplors is reduced 
when the bottom consists of large stones. 
To overcome the problem of coarse substrate, a sampler 
to mark out a definite area of substrate upstream from a 
mesh bag was devised by Surber (1937). This famous sampler 
has been widely usedin America. Samples taken with thi~ type 
of gear are relatively free of mud. Surber's sampler can be 
used only wher e. the water is l ess than 1 mater deep, and 
where there is a current. A drag type sampler to be us od in 
deep water was de ~ignad by Usinger and Needh am (1956). As in 
the Surber sampler, the animals are caught in a mash bag as 
it is towed across the substrata. Steel prongs disturb the 
substrate, allowing the current to sweep tho animals into the 
net. 
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~ash siza is critical in quantitative samplers employ-
ing a net bag ( Jonassen, 1955; mackay, 1969; Mackay and Kalf, 
1969 ) . OO ash openings of 452 microns are reported to retain 
99 ~ of the sample biomass while allowing most of the silt 
• 
and detritus to ba washed away ( Mackay, 1969; Mackay and 
Kalf, 1969). Jonassen (1955) determined that the diameter, 
rather than tha length, of the animals sampled should be 
considered whan selecting mesh size. Sacausa fine mash causes 
eddy currents and impedes stream flow through the samplers, 
it is best used in shovel and box typa samplers (Hynes, 1970b). 
In an attempt to overcome the limitations of the above 
sampling gear and methods, investigators have attempted to 
study the fauna by providing substrates upon which invasion 
could occur. Thasa substrates are placed in trays in the 
stream for specified periods (Wane and Wickliffe, 1940; 
Egglishaw, 1964). Unless they are carefully placed in tha 
stream, the animals tend to colonize underneath the trays 
rather than . . in :~. them (£gglishaw, 1964). 
Kamler and Ridel (1960) and Minckley (196J) use a 
var~ation of the substrate method by harvesting moss from 
measured areas on natural substrates. The behavior of the 
animals in the moss was such that thay did not flea from 
it . during sampling. Enumeration of thasa samples was more 
difficult because of the animals c~yptic . bahavior. 
Sacausa of the large percentage of insects which most 
• I 
streams contain it would be theoretically possible to obtain 
estimates of the insect populations by trapping emerging 
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adults. This was attempted by Ide (1940) and Sprules (1947) 
who constructed cages over several Ontario streams. It was 
found that when the traps were emptied every 2 hours, twice 
as many insects ware collected per day than if the traps ware 
emptied daily. Guyer and Hutson (1955) found that populations 
of higher taxonomic categories of insects could be estimated 
as well by emerging adults as by analysis of the bottom 
samples. Hynes (1970b) felt that emergence traps were useful 
only in a comparative way. He did not believe that it was 
possible to obtain firm estimates of emerging populations 
because there is evidence that some species of Ephemeroptera 
and Plecoptera avoid the traps. 
Thus, it can be seen that the devices for sampling 
streams are numerous, and must be carefully selected for 
particular needs. The specific limitations of the gear must 
be kept in mind. 
2. Stream Surveys 
Early European stream studies were dona in England by 
Carpenter (1927), and Percival and Whit~head (1929). These 
studies dealing with investigations of relationships batwean 
animals and various types of substrates have become classics 
(~acan, 1961; Hynes, 1970b). Carponter's qualitativ~ study 
group~d animals into five associations called biosynoecia. 
£nglish scientists have been particularly productive in 
their stream studies during the last twenty years. Typical 
of these efforts are the works of Hynes (1958, 1961, 1968), 
Egglishaw (1964, 1969), Maitland (1964), Egglishaw and Morgan 
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( 1965), 11 organ and Egglishaw ( 1965), ~ a thews and Kowalczews}<i 
( 1969), lil inshall and Kuehne ( 1969), Arnold and 11·acan ( 1969). 
Two important reviews which should not be overlooked 
are OO acan's (1962) discussion of aquatic insects apd Hynes' 
( 1970a) review of stream insects. i1iacan' s reciew dea ls mostly 
with European aquatic insects, while Hynes has reviewed the 
literature sines the completion of his book on the ecology of 
running waters (Hynes, 1970b). 
One of the best known attempts to classify streams for 
purposes of comparison was that of Ricker (1934). Based upon 
discharge as of the first day of June, streams were classified 
as creaks or rivers. Further subdivision of those two cat-
egorias was based upon maximum summer temperature, type of 
bottom, and hardness of the water, Badcock (1953) felt that 
this classification was too arbitrary. 
Percival and Whitehead (1929) recognized that the physical 
amvironment could determine what types of species are .present. 
Their study attempted to determine the affect of current and 
substrata on invertebrate population densities. Berg (1948) 
described tan biotypas delimited by current velocity and 
substrata. 
Ebblishaw and Morgan (1965) found that the bottom fauna 
was significantly poorer in streams ware the total cations par 
liter ware lass~ than 400 .micro equivalents. ~hen compared to 
streams in the· range 401-800 micio :aquivalants, streams with 
I . 
total cations par liter exceeding 800 micro equivalents did 
not contain significantly more animals. 
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Knowledge of the tolerance of organisms to various 
physical and chemical factors is desirable. Curry (1965), 
Gaufin (1965), Leonard (1965), and Roback (1965) have provided 
such data for Chironomidae, Plecoptera, Ephemeroptera, and 
Tricoptera respectively. The results of bioassays for nine 
heavy metal anions in terms of the median tolerance limit 
(TLm) and survival times have been reported by ~arnick and 
dell (1969). 
Hynes (1958) showed that prolonged drought in a small 
stream in ~ales destroyed most insect species present. Only 
those species present in the egg stage ware capable of sur-
viving. Winter floods however did not ~ipa out large numbers 
of species, but instead drastically reduced the productivity 
of the stream for as long as a year after the flood (Hynes, 
1968). Earlier, in Utah, similar conclusions had been reach-
ed by Moffatt {1936). However he found that recovery was 
rapid (3 months) when upper sections of the stream were not 
Flooded. This faster recovery was probably due to invasion 
and stream drift. 
Invertebrate movements up and downstream have bean studi~d 
by Elliott and OOinshall (1968), Elliott (1969), Hultin, Svenson, 
and Ulfstrand {1969), Bishop and Hynas (1969a, 1969b), and 
OOclay (1970). Invertebrate drift was found to be greater at 
night than during the day {Elliott and fflinshall, 1968). A 
strong inverse correlation was detected between light intensity 
and drift rate. Elliott (1969) showed that with small sampling 
intervals (30 minutes) four peaks of drift could be detected. 
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The time at which each peak occurred was found to be different 
for each species (tlliott, 1969). Strong moonlight decreased 
the amount of nocturnal drift (Bishop and Hynes, 1969a). 
These workers found drift to account for 15~ of the annual 
invertebrate production of the stream. Investigations by 
i•1cLay ( 1970) have resulted in an equation which defines the 
distance an animal may travel after entering the drift of a 
stream. 
8ishop and Hynes (1969b) reported that upstream movement 
of invertebrates was probably due to positive rheotaxis. 
Thay reported that positive skototaxis (dark seeking) most 
probably limited the distance travelled up s tream (Bishop and 
Hynes, 1969b). mechanisms such as these may be responsible 
for recolonization of dried up or denuded areas. The invest-
igations of Hultin, Svenson and Ulfstrand (1969) support~d 
the work of Bishop and Hynes (1969b). 
Thee :1;phasi s of many studies in Nor th Ame I.' i ca has b 0 en 
the determination of fish food organisms present in r.treams 
(illut.kowski and Smith, 1929; Needham, 1934, 1939; Surb e r, 1937, 
1951; Pannak and Van Garpen, 1947; Tebo and Hassler, 1961). 
routkowski and Smith (1929) studied the gut contents of insects 
eaten by trout. No attempt was made ta differentiate between 
ingested material andthat which was actually digested. Needham 
(1934) found that the Trichoptara of Waddel Creok represented 
the highest insect biomass, and ware found most often in the 
gut contents of trout. Needham's 1939 investigation dealt 
with fish food production in a coastal lagoon whore the most 
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numerous organisms wera crustaceans. In this study, large _ 
standing crops did not necessarily indicate high biomass 
(Needham, 19 39). 
Pennak and Van Gerpen (1947) reported that during the 
summer 91. 6fo 0 f the organisms in North St. Vrain Creek, 
Colorado were £phemeroptera and Diptera. Rubble, gravel, 
bedrock and sand ware found to be progressively less product-
ive in terms of total numbers of insects. 
Egglishaw (1964, 1969) showed a positive correlation 
between the presence of plant detritus and the occurrence of 
Chironomidae within a riffle. It would seem that microflora 
functioning as decomposers may play an important role in 
attracting inv&rtebratas to the leaf litter which subsequently 
consume the detrital-microfloral complex. roathaws and Kowalczewski 
( 1969) found that in the Thames, willow (Salix ~.) and 
sycamore (Acer pseudoplantanus) loaves disappeared faster than 
leaves of oak (Quercus robur). Disappearance was shown to be 
dependent upon microorganisms. During ths first three months 
of the experiments the presence of microbes in the leaf litter 
increased the nitrogen content. Nitrogen derived from the river 
water, added to the trophic input in the river (~athews and 
Kowalczewski, 1969). 
Shelford and Eddy (1929) postulated the succsssional 
development of stream communities. They suggested that streams 
be denuded or that artificial subotrates ba introduced to 
study the successive recolonization by invertebrates. Above 
all they recommended that natural waters be studied for 
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comparison with the exparimantal streams. 
Gersbacher (1937) studied impoundments of central Illinois 
strea~s with the methods racommendad by Shalfordand Eddy (1929). 
He concluded that threa stages of succassion could.be da tacted. 
Tha first stage was characterized by Chiranomus pluma5us, a 
datritavora. Procladius .:!E..E...:.• another midge, characterized 
the second stage . of succession. Tha final stage was charact-
arizad by Hexagenia ~·, a mayfly, and 111usculium ~· a 
pelacypod. ~ersbacher (1937) reported that the climax 
community in central Illinois streams was characterized by 
the same invertebrates which developed on tha bottom of 
artificial lakes. 
Hynes (1961) has described three types of life cycles 
of stream invertebrates. His clarification of nonseasonal, 
fast seasonal and slow seasonal life cycles is probably 
ona of the most significant contributions to stream ecology 
in the last decade. It allows a better understanding of the 
seasonal variation of stream populations. 
3. Diversity 
Ona of the values of diversity index calculations is 
that classical taxonomic determinations are not raquirad. Tha 
only requisite is that organisms, be separated into distinct 
groups. 
Margalaf (1956) first recognized that information theory 
could be used to describe the distribution of individuals 
' . 
among sa~eral species groups. ·' Conc~sa expression of structural 
pattern may ba achieved through diversity indaxaa (ooargalef, 
1958). fl'lar galef favored th e div ersity index used by 
G leaso~ in 1922 because of its si mplicity. Tha equation 
appears as 
d = (S-1)/log 8 N , 
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where community diversity (d) describes the linaar r e lation-
ship between tha numbar of species (S) and the Naperian 
logarithm of tha total number of individuals par square 
mater (N). 
Where two communities meet, the diversity index would 
be higher at the point of community intersection (mar gclaf, 
1958). Communities with low diversity indexes usually have 
strong dominant species (Margalef, 1958). Margalef noted 
that this condition may indicate initial populations in new 
media or more mature communities showing high productivity. 
The Gleason index was used by Mackay (1969) in her study 
of a small Quebec stream. Sha reported diversity to be higher 
during summer and winter than at other times of the year. 
Following tha suggestion of Margalaf (1956, 1958), Patten 
(1962) developed a diversity index which measured entropy. 
Patten's equation for tha mean entropy (diversity) par 
in di vi dual is: 
s 
d = -~ (n1/n) l~g 2 (n1/n) , 
where ( n) · is the total number of organisms, ( ni) is the number 
of individuals par taxon and (s) is the number of taxa. 
Patten (1962) noted that divar~ity par individual decreases 
as . the probability cf selecting a particular species becomes 
a certainty. Inversely, as the choice become& less certain, 
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the index increases Patten, 1962). 
Wil m ( 1970 ) de monstrat e d that maxi mum d wus related to 
the number of individual (n) in a sample. For a sample 
containing 1000 individuals tha maximu m d would be 9.96 ( Wi l m, 
1970). He found th a t in natural water s d usu a lly fell b tween 
3.0 and 4.0. Polluted streams had valu es which ranged b s t~ean 
O.D and 1.0. 
II. GENERAL ITTETHODS ANO PROCEDUrtES 
Any ecological investigation which attempts to estimate 
the size of aniffial populations requires a background of 
quantitative data. To provide background information for the 
Sandy Creek study, weekly quantitative estimates of air 
temperature, water temperature, dissolved oxygen, free carbon 
dioxide, phenolphthalein alkalinity, total alkalinity, and 
hydrogen ion concentration were made from fabruary 24, 1970 
through December 15, 1970. 
A. field 1)tethods 
1. Physical and Chemical Procedures 
Air and water temperatures were measured with a Ta ylor 
hand-held mercurial thermometer. Readings were accurat e to 
0.5 degree centigrade. Air temperature was taken at ~a ch of 
the three stations by suspending the thermometer from a branch. 
The thermometer was left to equilibrate for a minimum of 20 
minutes. The measurement was taken approximately one meter 
from the ground at the same location each weak . 
Water temperature was measured approximately 6 cm. below 
the surface of the water at the location in the stream where 
substrate samples were re moved. The thermo me ter was allowed 
to equilibrate for a minimum of 2 minutes. 
The azide modification of the Winkler method for dissolved 
oxygen was selected because of possible presence of nitrates 
and nitrites in the stream (American Public Health As s ociation, 
1965). · Sample~ of water for this determination ware taken by 
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carefully allo~ing the surface water to flow into a JOO ml; 
Biochemical Oxygen Demand (800) bottle. The oxygen in these 
samples was fixed using Powder Pillow<!>, Hach Chemical Company 
reagents. The hydroxide precipitate was not dissolved until 
the samples were brought to the laboratory for titration. 
Water samples for free co2, phenolpthalein alkalinity, 
total alkalinity and pH were collected in 300 ml. BOD bottles 
in the same manner as the dissolved oxygen water samples. 
Standard tests for these parameters were completed in the 
laboratory. 
2. Biological Sampling Techniques 
Duplicate samples of the substrate were taken at each 
station with a modified 15.6 cm. square Ekman sampler 
(Wildlife Supply). The sampler differed in that the jaws 
ware released by a plunger inside an iron pipe handle, rather 
than by a messenger dropped down a line. Because of ths 
gravel texture of the bottom at stations I and II, it w~s 
often necessary for the collector to us• his feet to help 
close the jaws of the sampler. 
Silt and sand were eliminated from each sample by 
placing it in a bucket of water, stiring rapidly and then 
quickly decanting through a ff35 U.S. standard sieve (0.500 
mm. opening) (Needham and Needham, 1962). The animals and 
debris collected in this manner were removed to the sample 
container. This procedure was repeated until no animals 
could be detected on the sieve. 
8aggies(!) served as excellent containers for transporting 
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biological samples. A particular advantage was that in an 
ice chest more of each sample could be in direct contact with 
the ice cubes placed in the chest. This prevented deterior-
ation of the samples while they were being transported • 
. 8. Laboratory ~ethods 
1. Chemical Analyses 
Standard titrametric techniques were employed in the 
laboratory to determine dissolved oxygen, free carbon 
dioxide, phenolphthalein alkalinity, and total alkalinity 
(American Public Health Association, 1965). Hydrogen ion 
concentrations ware determined with a Beckman Zeromatic pH 
meter and were expressed in standard pH units. 
2. Biological Sample Preparation and Enumeration 
All samples ware preserved in 10% formalin until 
Flotation of the samples, to separate the organismsfrom the 
debris, was accomplished. The substrate samples waro prepared 
in a manner similar to the technique of Anderson (1959). 
Each sample was placed in a 2 liter beaker. Tho beaker was 
then filled with sucrose solution (1.12 sp. gr.) and the 
contents stirred. This was allowed to stand for 90 seconds 
after which the floating material was decanted into a second 
beaker. This procedure was repeated three times. 
All of the supernatant material collected from the sample 
was then Filtered through a #100 U.S. standard sieve (·0.149 
mm. opening). It was then rinsed to remove the residual 
sugar solution. The material remaining in the beaker after 
decanting was placed in the t100 sieve and rinsed to remove 
residual sucrose solution. aoth portions of the sample 
were then preserved in 10~ formalin. 
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It was found that by preserving samples before flotation 
procedures, recovery of Zygoptera, Hemiptera, Trichoptera and 
Chironomidaa was enhanced (Pask and Costa, 1971). Therefore, 
only the portion of the sample recovered by flotation was 
sorted and enumerated. Hand sorting was accomplished with 
the aid of a Nikon SOOZ dissection microscope at 6X magnification. 
Identification of the organisms in each sample was made with 
the aid of several taxonomic sources (Johannsen, 1937a, 19370; 
Needham and Needham, 1962; Pannak, 1953; Usingor, 1968) . The 
sorted organisms were identified, counted, and then preserved 
in 70 ~ ethanol. 
III. RESULTS 
A. Physical and Chemical Data 
Physical and chemical determinations of the ~hrea 
Sandy Craak stations are presented in figures 2 through 9. 
The data ara summarized for the total sampling period for 
each station (Tabla 4). The total sampling period was sub-
divided into seasons, with fabruary through May considered 
spring. Summar consisted of three months, June, July, and 
August, while autumn extended from September through December. 
Spring, summer and autumn data are summarized in Tablas 5 
through 7. for each station and each parameter the minimum 
value, maximum value, range, arithmetic mean, standard davia-
tion, and standard error of the mean are recorded (Tablas 
4-7). 
Annual patterns· for air temperature (fig. 2) and water 
temperature (Fig. 3) are presented. On July 28, the maximum 
air temperature of 33° C. occurred at all three stations. 
Station II reached a maximum water temperature of 30.G° C. 
on July 28. A station I maximum of 30.5° C. and a station Ill 
maximum ·of 2s.0° C. were not detected until August 11. The 
annual mean air temperature (Table 4) for station I of 15.23° 
' 0 C. was lower than that of station II (17.03 c.) or station 
Q . 
III (16.21 C.) • . 
~ater temperatures (fig. 3) were lower at station III 
than at stations I or II. This was\ particularly noticeable 
from June to August (Table 6), and in Iabla-4~ 
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A comparison of water temperature (fig. 3) with 
dissolved oxygen (fig. 4) revealed an inverse relationship. 
Oxygen concentration at station I exceeded that of station II 
by 19 times. It was 30 times greater than station· Ill. Tha 
difference between station I and 11 ranged from 0.2 ppm to 
4.2 ppm, with an average difference of 1.3 pp~. A maximum 
difference of 11.0 ppm between stations I and III was detected 
on September 29. The mean difference of 3.1 ppm between these 
stations was more than . twice the mean difference between 
stations I and II. Oxygen concentrations at station III 
exceeded those at station II on only two occasions (April 28, 
August 26) by 0.4 ppm. The mean difference in oxygen concen-
tration between station II .and station III was 2.5 ppm. 
Percent oxygen saturation (fig. 5) was determined from 
a nomqgram (Hutchinson, 1957). Seventeen samples exceeded 
150% saturation. These values are represented in figure 5 
as 150+. The mean oxygen concentration at station III . during 
the summer and autumn was lass than 100~ saturation (Tablas 
6-7}. The average saturation at stations I and ll throughout 
the year (Table 4) and seasonally (Tablas 5-7) exceeded 100% 
tending towards supersaturation. 
figure 6 shows a gradual.increase in pH from about 7.2 to 
about 9.0 in mid-August~ ~he pH than gradually decreased to 
about 7.4 in mid-December. 
free carbon dioxide values detected in Sandy Creek ranged 
from 0.0 to 28.5 ppm (figure 7). At station III, free carbon 
dioxide values were detected fer all but three samp~ing dates 
(June 9, July 14, August 26). At station II, free carbon 
dioxide was detected 50fo of the sampling days and 40~ of 
the time at station I. 
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On 24 of the 40 sampling dates, phenolpthalain alkalinity 
(Fig. 8) was detected at station l. It ranged from 4.0 ppm 
to 64.0 ppm. At station II this type of alkalinity was 
detected 19 times and ranged from 10.0 ppm to 60.0 ppm. 
Phenopthalein alkalinity ~as not detectable 93/o of the time at 
station III. The maximum detected at station III was 46.6 ppm. 
Total (methyl orange) alkalinity shown in figure 9 was 
highest at station III. On only one data during the entire 
sampling period were the total alkalinity values for station 
III exceeded. This occurred at station II on June 9, when 
the maximum value (334.0 ppm) of all stations was recorded. 
8. The Benthic Invertebrate Community 
Quantltative cata was collected over the 40 11Jeek sampling 
period. The total counts of each Ekman sample are racordod 
in Tables 8 through 29. These counts were also converted to 
percent composition (Tables 30 to 51) to obtain the portion 
of each sample that various taxonomic categorios constituted. 
five groups (Oligochaeta, Hirudinea, Amphipoda, Colaoptera, and 
Chironomidae) were selected for special consideration because 
of their numerical importance. The average percentage 
contribution of these groups for each season and the e~tire 
sampling period is shown in Table 52. Numerical significance 
of the selected groups is shown in figures 10 through 14. 
The histograms in these figures represent the means of 
raplicata counts presented in Tablas 8 through 29. Figura 
15 shows tha range of tha total population (mean of two 
raplicate samples) over the sampling period. For aach 
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station tha percent occurrence of each taxonomic c~tago•y is 
presented in Table 53. 
The total number of organisms observed for all stations 
ranged from 11 on October 20 at station II (Tabla 25) to 
1273 on August 26 (Table 21). 
The oligochaats, hirudinaans, amphipods, colaopteraris, 
and chironomids made up about 75% of the spring samplos at 
station III (Table 52). At station I they comprised about 
97% of the summer samples. When all samples collected at 
each station were averaged, these groups comprised about 85~ 
of the station III samples and 92~ of the sampl~s from station I. 
At station I, during the spring (38.29%) and summer (54.27fo), 
tha Oligochaata comprised the largest percentage of the total 
numbers. Chironomidae comprised the . largest percantaga (33.77%) 
during the autumn. At station II the Oligochaata contributed 
the most during the spring months (26.23~), and the Amphipoda 
contributed the largest percentage of tha standing crop during 
the summer (47.41%), and autumn (27.06fo). The annual averages 
for station II showed the largestpercantage (31.38%) came from 
the Amphipoda. .Chironomidaa : constituted an average of50.45~ 
of the spring samples, and were the most numerous organisms at 
station III. The chironomids continued to make up the largest 
percentage of the station III samplJs . during the summer (42.73%) 
and autumn months (36.43%). 
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Chironomids were present in every sample taken at 
station III; while Hirudinea had the lowest percent occurrence 
(23.81 fo ). Oligocheats exceeded 90~ occurrence at all three . 
stations while the leaches never had a frequency of occurrence 
exceeding 70~. 
At station II, the peak number of Oligochaetes was reached 
in early April, but did not occur at stations l and III until 
after mid-June (Fig. 10). The fewest oligochaets (1 to 4 
per Ekman sample) were collected at station III during late 
march and April. At station II a similar low density (1-4 
per Ekman sample) was detected on December 15. 
Leeches were most abundant at station II during late 
June and August (Fig. 11). Their mean density ranged from 
O to 6 per Ekman sample at station I, while at station III 
the maximum achieved was 7.5 (Fig. 11). At station II, the 
maximum mean leech density (23.5) was more than three times 
greater than that at stations I or Ill. 
figure 12 shows that the amphipods were densest at 
stations I and III during the autumn. Station II had a moan 
peak of 218.5 per Ekman sample on July 28. 
Coleoptera were . densest (37.5 per Ekman sa1n ple) at 
station I on September 22. At station I (Fig. 13), a secondary 
peak (29.0) was reached in late May and early June. At 
station III a maximum of approximately the same magnitude 
(33.0) as station I was detected on September 22. A peak ' 
roughly 40 fa larger than station I or III was detected at 
station II on August 26. 
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Hydrozoa were naver detected at stat ion III, and only 
ona spacimen (Table 17 ) wa s collected from station . II on June 
30. Hydrozoa in the process of budding were collected at 
station I on June 30, and July 14 (Tablas 17 and 18). A 
single specimen was collected at station I on Au~u~t 26 
(Tabla 21). The largest percent contribution (2.47~) of 
Hydrozoa to a total sample occurred at station I on June 30 
(Table 39). 
Turballarians ware most frequently (27.9~) encountered 
at station II (Tabla 53). The maximum mean number of 46.5 
per Ekman sample ~as observed at station II on September 8. 
Ona sample (Tabla 22) contained 72 planarians and represented 
22.29 /o of the total sample on that date (Table 44). 
Horsehair worms (Namatomorpha) ware detected at station 
I on May 5, and May 19 (Tablas .13 and 14); at station II on 
September 8 (Table 22); and at station III on August 26, 
September 8, and October 6 (Tables 21,22, and 24). The 
Nematomorpha never achieved a density greater than 4 par 
Ekman sample (Tabla 22). 
Isopods were encountered in 34 out of 43 samples from 
station II (Tabla 53) where 98 ware collected on may 19 (Table 
14). The maximum number in any one sample at station III was 
. 
13 on June 2 (Tabla 15). This represented 10.56~ of the 
sample (~able 37). 
The _ramaining groups Hydracarina, ~phameroptera,Zygoptera, 
, 
Anisoptera, Trichoptera, Diptera (n~n-chironomid), Gastropoda, 
and Pelecypoda ranged in frequency of occurrence fr~m 0.00% · 
for Anisoptera to 50.00fo for Trichoptera (Table 53). The 
total mean percent contrioution of these numerically minor 
groups ranged from 3.21fo during the summer to 24.18~ during 
the spring. 
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A community diversity index darived from OOargalef's 
equation was culculated for every sample (Table 54). Diversity 
at station I ranged from 0.134 on De=ember 15 to 1.104 on 
April 21. At station II, the lowest diversity value of 0.251 
was detected on August 11. A maximum valua of 1.106 was 
obtained on July 28. for station Ill the values ranged from 
0.150 on April 21 to 1.237 on November 3. 
Diversity per individual for all samples collected from 
Sandy Creek is shown in Tabla 55. Diversity values for 
station I ranged from 0.909 an Juna 30, to 2.516 on April 21. 
On ~arch 24, at station II the maximum diversity par individ-
ual (2.698) was 6.5 times the minimum value (0.415) which 
occurred on June 18. The minimum value at station III w~s 
0.406 (May 19) while the maximum of 2.433 (September 22) was 
about 6 times greater. 
Diversity values obtained from replicata samples are 
expressed in Tables 54 and 55, and were averaged to produce 
figures 16 through 18. Thase figuras representing mean div-
ersity indices provide a comparison between 1)iar9alef 1 s 
community diversity and Patten's diversity per individual. 
In Figure 16, comparisons of the two indexes for station 
I reveal that the patterns are basically similar. Howavor, 
during November the margalef equation indicates a tendency 
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toward decreasing diversity while Patten's equation shows 
a slight increase in diversity per individual. In Figura 11, 
the opposite is noted for station II from June 30 to July 
14, and from August 11 to August 26. The trends for November 
seem to occur at station II for both November and December. 
Equal peaks in diversity occurred in March, July, and Sept-
ember at station II. The community diversity at station Ill 
was relatively uniform over the sampling period (fig. 18). 
A minimum value of 0.216 was calculated for April 21, while 
on September 22, the maximum was 1.071. The maximum and 
minimum div ersity according ta Patten's equation occurrod on 
the same dates. However, a noticeable trend toward decreasing 
diversity was detected from June 2 to July 14. Diversity par 
individual increased from October 6 to December 1. Tha Decemba1· 
peak was approximately 86~ of the September peak. 
C. 8enthic Chiranomidae 
Difficulties in larval identification prevented a study 
of Chironomidae at the species level. Numbers of Chironomidao 
encountered in each sample are presented in Table 5o. The s e 
counts are subdivided into three subfamilie9 (Tanypodinae, 
Orthocladiinae, Chironominae). A maximum of 122 chironomids 
was collected at station I on September t2. This number 
represaQted only 13~ of the maximum of 937 midges collected 
at station II on August 26. Two hundred sixty six chironomids 
were collected at · station III on march 12. The maximum at 
station II was 3.5 - times . the number of Chironomidae collected 
at station III. 
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The percentage contribution of each subfamily to the 
family Chironomidae is shown in Tabla 57. At station I the 
Tanypodinae ware encountered only onca prior to June 30 
(Tabla 56). from June 30 to October 6, they ware .found in 
every sample nat station I and comprised from 0.98~ to 58 .28% 
of the total Chironomidae (Tabla 57). 
The Tanypodinaa occurred most frequently at station II 
(60.46%) (Tabla 56). The Orthocladiinae (71.42~ ) and 
Chironominae (92.85%) occurred most frequently at station 
II1 (Tabla 56). The Tanypodinae and Orthocladiinae occurred 
at station I about half of the time (47.61 ~ ) (Tabla 56). 
mean replicates of the percent composition of the f amily 
Chironomidae are presented in figure 19. At station I the 
Chironominaa made up more than so ro OA all sampling dates 
except July 28. The Tanypodinae never exceeded 25% at 
station I, whila at ~tation II their maximum percent age was 
21.4%. At station II for only 2 out of 21 sampling da t es were 
the Chironominaa lass than 75%. With the exception of February 
24, the Orthocladiinae naver comprised more than 15% of the 
midges at station II. The maximum average percentage of 
Orthocladiinaa (77.0%) at station III occurred on, April 7, 
and the maximum on November 3 for tha Tanypodinaa was 21.4~. 
margalaf and Patten's equations are applied to the 
chironomid data in Tabla 56. margalef's community diversity 
values ara presented in Table sa, · and the diversity par 
' ' 
. { ' 
individual values are shown in Tabla 59. 
for all stations, community diversity ranged from 0.000 
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to Q.332 (Tabla 58). The diversity per individual values 
ranged from 0.000 to 1.579 (Tabla 59). A maximum community 
diversity of 0.332 was observed for station I on July 28 and 
for station III on November J (Table 58). The pe~k ~ommunity 
diversity at station II (0.308) occurred ·on OOay 5. Peaks 
in tha Patten index were detected for each ~tation on the same 
. dates as peaks in the ffl argalef values. At station II tha 
Patten index was 1.579. Values of 1.485 and 1 .360 ware 
calculated for stations III and I respectively. 
Diversity values reported in Figures 20 through 22 ara 
mean replicate diversity indexes calculated from .replicate 
data in Tables :58 and 59. Community diversity at station I 
tended to increase from 0.160 on August 11 to a maximum of 
0.276 on November 3 (fig. 20). A sharp decrease occurred on 
October 20 when the value of 0.066 was noted. The peak 
diversity per individual value of 1.168 probably took place 
on July 28. Diversity than decreased to 0.173 on October 20. 
Diversity peaks ware detected in both the margalaf (0.293) and 
tha Patten (1.050) calculations for May 5 at station II (Fig. 
21). The community diversity increased to 0.271 on September 
8, ' While the Patten .equation values rose and fall prior to 
r~aching a secondary maximum ~f 0.927 on September 22 (Fig. 
21). Tha pattern o~ the two indexes at station III wera quite 
different · (fig. 22). maximum diversity par individual (0.995) 
was reached on fflarch 24, while the ~aak in community diversity 
\ (0.314) waa not detected until December 1. 
uISCJSSION 
A. Physical-Chemical Interactions 
According to ~elch (1953), lotic environments include 
all forms of inland waters in which the entire body of water 
moves continuously in a definite direction. Basically there 
are three classes of lotic environments,in order of increasing 
size, breaks, creaks, and rivers. 6ecause of its width and 
slow current, Sandy Creek would be considered a river accord-
ing to this simple system. Under Ricker's (1934) classifica-
tion scheme Sandy Creek is a warm river. 
As streams age, they extend further inland until reach-
ing some geological barrier (~alch, 1952). Extension inland 
is concurrent with a progressive, gradual change from brook 
-to river. Hence it is possible to have all three size classes 
of running waters represented in one watershed l~elch, 1952). 
The progressive change in size eventually results in an up-
stream migration of biotopas. According to Welch (1952), 
the fauna may move upstream to a new location, adapt to new 
conditions of the changing environment, or die. 
In streams, water is confined to a narrow channel 
and flows in one direction. Consequontly there often is a 
definite and predictable change in physical, chemical, and 
biological characteristics from the head waters to the mouth 
(welch, 1952). Because of the current, eroded materials do 
not return to the point of their origin. Currents produce 
rather homogeneous conditions of temperature and chemical 
environment fro~ surfaco to bottom (~elch, 1952). £xcept 
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when low water causes pools, stagnation does not generally 
occur in streams. 
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The physical and chemical aspects of streams dotermina 
their biological aspects (Carpenter, 1927; Percival and 
,\Jhitehead, 1929; Berg, 1948; Badcock, 1953; Coffman, 1967). 
It is possible therefore to characterize biocoenoces using 
physical and chemical measurements (Carpenter, 1927; Percival 
and Whitehead, 1929). Differences due to physical and chemical 
environment may usually be observed at all trophic levels, 
from primary producers to predators (Coffman, 1967). 
Physical and chemical conditions often change along the 
length of the stream. Un August 1 1 , the water temperature 
was 22° c .. at station I I I , twenty five degrees 23.2 kilometers 
downstream at station I I , and 30.5 0 c. at station I , 33.3 
kilometers downstream from station III. In Sandy Creek, 
water temperature (fig. 3) was generally lowest at station III 
and increased as the water flowed downstream. Stream temper~ 
atures at head water stations are often about the same as the 
ground water temperature. As ths water flows downs t ream 
absorbing solar radiation, the temperature rises. The water 
in Sandy Creek is brown in color, presumably indicating the 
presence of tannin or lignin-like substances. This dark 
color probably causes the waters of Sandy Creek to warm 
considerably. 
Stations I and II differed in temperature by 2 degrees 
or less on 33 sampling days. It is possible that this may 
have bean due to the moderating effect of Lake Ontario on 
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the local climate. Bruce and Clark (1966) reported that 
large bodies of water often modify the temperature and pre-
cipitation regimes over and around the water's surface. The 
difference between the station nearest the lake and the other 
two stations was most noticeable during March, April and May. 
Station I had a lower air temperature (Fig. 2) than either 
station II or station III on 10 out of 12 sampling dates. 
Air temperatures at station I were generally higher than other 
stations during November and December. These differences in 
local climate may have altered the pattern of increasing 
temperature as the water moved downstream. On July 7, the 
air temperature (Fig. 2) at station II was 30.0° C. The air 
0 
temperature (Fig. 2) recorded at station I was only 26.5 C. 
The temperature of the water decreased from 25.0° C. at 
station II to 20.5° C. at station I on this date. The water 
temperature dropped 4.5° C. in 10.1 kilometers. 
On 25 out of 40 sampling dates, station III had the 
lowest oxygen concentration (Fig. 4). Station III had the 
most shade cover of any of the stations, Minckley (1963) has 
shown that tha oxygen concentration of stream waters increas~ . 
downstream. In open areas, incident radiation most likely 
promotes oxygen production by algae, and thereby increases the 
oxygen content of the water as it flows downstream. 
Oxygen saturation (Fig. 5) exceodod 150fa on 17 sampling 
dates. Nitrate-nitrite interference may have resulted in 
overestimation of oxygen concentration in some instances. 
This could account for saturations in excess of 150fo, however 
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Welch (1952) has reported actual saturations up to 200~ . 
from June 30 to November 3, tha prl at station III was 
lowest of the three stations on 16 out of 17 sampling dates. 
The pH at this station ranged from 6.7 to 8.4 dur~ng this 
period. Stations I and II ranged from 6.9 to 9.8 during tha 
same period. If the color of Sandy Creak is chiefly due to 
tannic and humic acids from swamp drainage and leaf litter, 
they acids might partly explain why station III had a lower 
pH than the other two .stations. Limestone is abundant in 
tha soil and its presence in tha stream bad may tend to 
neutralize the acidity. This would cause the pH of tha water 
to increase as it flows downstream. 
Concentrations of carbon dioxide and total alkalinity 
dacraasad as Sandy Crask waters flowed downstream. ffl incklay 
(1963) found a similar pattern for Doe Run. Carbon dioxide 
is more soluble in water tRan oxygen (Hutchinson, 1957). 
Because of the metabolism of bacteria, air trapped in -the 
spaces between soil particles has a higher percentage of 
carbon dioxide than atmospheric air. As a result, ground 
water is particularly rich in carbon . dioxide (Hynes, 1970b). 
Ground waters are often the source of water at upstream 
stations (Hynes, 1970bJ. Thus upstream stations ar~ likely to 
be richer in carbon dioxide than downstream stations. On 33 
out of 40 sampling dates, the carbon dioxide (fig. 7) at 
station III exceeded that detecta~ •t both station I and at 
station II. 
Carbon dioxide may be lost from stream waters.directly 
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to the atmosphere, through carbonate formation, and through 
photosynthetic activity. Upon entering the water, some of 
the carbon dioxide forms carbonic acid which upon dissociation 
may react with limestone to form soluble bicarbon~te • . This 
is the first step in the disappearance of carbon dioxide. ln 
order for bicarbonates to remain in solution, a certain amount 
of free carbon dioxide, called equilibrium carbon dioxide, 
must be present. 
Hynes (1970~ reported that soma algae may utilize 
bicarbonates directly in photosynthesis. This removes free 
carbon dioxide by shifting the chemical reactions in such a 
way as to replace the bicarbonates used by the algae. lf this 
proceeds to the point where the equilibrium carbon dioxide 
is used up, the carbonic acid-limestone reaction may be 
reversed. This may result in the deposition of marl. 
Total alkalinity at station III exceeded total alkalinity 
at both station I and station II 95~ of the time. On .ffl arch 24, 
total alkalinity values ware 142 ppm, 112 ppm, and 76 ppm at 
stations III, II, and I respectively. On that same data, the 
carbon dioxide concentrations were 8.0 ppm for station Ill, 
5.5 ppm for station II, and 6.0 ppm for station I. This 
appears to demonstrate the loss of carbon dioxide and the 
decrease in total alkalinity as the water moves downstream. 
The and point in -the titration for carbon dioxide is not 
definite, resulting in errors in th~ determination of free 
I ' 
carbon dioxide~ The apparent inc;e~sa in free carbon dioxide 
between . station ll and station I, may be due to an .overestimation 
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of carbon dioxide. when frea carbon dioxide is detectable in 
water, the pH of the solution remains below 8.3. 
Predictability in a stream system is somewhat of an 
oversimplification. The plants and animals may superimpose 
. 
daily and even hourly patterns on the seasonal varia'tion of 
· oxygen and carbon dioxide concentrations. Decomposition in 
the stream bed may also altar these relationships considerably. 
B. Community Interactions 
On 10 out of 22 sampling dates, station II (Fig. 15) had 
the most animals. Station I had the most animals on 8 out 
of 22 sampling dates. This difference between stations 
would appear to be due to substrate conditions. The works 
of Carpenter (1927), Percival and Whitehead (1929), and 
Pannak and Van Gerpen (1947) have shown that the total numbers 
of animals in a sample vary with the type of substrate. Tha 
substrate at station II was composed of gravel which would 
provide mpra shelter than the sandy silt at station I. Sub-
strates at station III were mostly sand with large detrital 
particles. much of the detrital material was probably Salix 
~· and Acer !E.E.• leaves from the treas which lined the 
banks. Salix !El?.• leaves ware found in thQsamples from 
station III as late as September. Leaf litter, which was 
most abundant at station III; might have resulted in the 
Chironomidae (fig. 14) being most numerous on 9 out of 22 
sampling dates. Egglishaw (1964, . 1969) showed a positive 
correlation between plant detritus a~d the presence Of Chiron-
. \ 
amids in riffles. 
It was found that populations of Hirudinaa (Fig. 11), 
Amphipoda (Fig. 12), and Caleoptsra (fig. 13) were highest 
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at station II more often than at other stations. Gravel and 
small stones at station II may have provided more shelter for 
thes e organisms. Oligochaets (Fig. 10) were more numerous at 
station I on 10 out of the 22 sampling dates. Samples at 
stati on I cont ained large quantiti es of silt. The silt 
prob a bly contain e d particulate organic matter fine enough for 
the oligochaets to feed upon, and is a favorable substrate in 
which tha wor ms could burrow. 
Sokal and Hohlf (19 69 ) caution against the use of 
corr e l a tion to establi~h cause and effect rel a tionship s becau se 
of the uncertain effects of other factors. At station s I 
and III, it was ho wever, possible to demonstr ate signi fi ca nt 
corr e lation at the 0.05 fo level of confidenc e between oli g ocha e t e 
and chiranomid population s . It appears that this typ e of 
correlation may re-inforce the contention th a t the sub s trates 
of st a tion I and IIIare f a vorable to both the Chirona mi dae 
and the Oligocha e ta. A similar significant correlation be-
tween the lsopoda and the Chironomida e was de tect e d at station 
III, indicating that . perhaps this station provide s be tt e r 
conditions for both of th ese detritivores to s ucceed th an 
do tha other two stations. 
Se ~sonal peaks in the numbers of animal s in Sandy Creak 
most often occurred in June and Septembor. At station I the 
mean oli g ochc:fete density (Fig. 10) re a ched 112 pa r C:kman sample 
on Sept s mber 8 and declined until on October 20, they could 
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no lon~er be found. On September 22, the Coleoptera (fig. 13) 
at stations I and III reached maximum numbers of 37.5 and 
33.0 per Ekman sample respectiv e ly. The Coleoptera decreased 
in density as the autumn progressad. 
Hynes (1961) noted that the September pe~k may be 
important in carrying populations through the winter months. 
The scouring action of ice and he~vy spring discharges due 
to melting snow are particularly sevare on invertebrate pop-
ulations. Entering this hazardous period with high numbers 
might insure survival. Oliver (1971) reported that ma ny 
species of chircnomids burrow as deop as 52 cm. into the sub-
strate to pass the winter months. This behavior pattern might 
be displayed by other inv artebrates such as oligochaet es, 
hirudineans, and coleopterans. If so thi~ would explain 
some of the apparent decrease in nu mbers during the f al l 
months. 
A primary objective of this study was to show tho inter-
action of physical factors and invortebrate populations. Thi s 
is difficult to prove for single factors bec ause of th e 
complex ~ nature of interactions. Nevertheless, this was 
attempted through a series of correlation analyses. All 
correlation coefficients were tasted at the 0.05~ level of 
significance. 
At station I there was a significant (P< 0.05) direct 
correl a tion between water temperature and chironomid numbors. 
The sam e was true of water t emp eraturo and the number of 
oligochaots. An inverse corrolation (P<0.05) was dotected 
at station II between ~ater temperature and numbers of 
Chironamidae and~~~bers of Colaoptera. 
42 
The inverse correlation at station II between Chironomidae 
and water temperature may indicate the presence of a sp e cies 
whose temperature tolerance has been exceeded. Of the 73 
species of midge listed by Curry (1965), 12 are not abl e to 
tolerate temperatures above about 21° C. Raaring the l a rvae 
of the midge would be the only way to resolve this probl em 
as it is the only accurate way to determine midge spaci a tion. 
Ed~ards (1929) and Webb (1970) have painted out that this 
approach is extremely time consuming and may not be applicable 
to some rheophilic species. A small artificial stream could 
be employed in solving this problem. 
At station II, isopod populations were directly cor~alated 
(P <0.05) with both pH and phenolpthalein alkalinity. Phenol-
pthalein alkalinity was detected at station II on 19 out of 
40 sampling dates. At station III phenolpthalein alkalinity 
was detected only 3 times during the sampling period. I s opod 
populations were highly correlated (Pl.. 0. 01) with pH at 
station III. from this it would appear that prob ab ly pH is 
the most influential of the two factors relative to isopod 
populations. 
In Sandy Creek, significant positive correlations (PL 0.05) 
were datocted betwaen pH and the following chemical factors: 
water temperature, dissolved oxygen, carbon dioxide, phanol-
pthalein alkalinity, and total alkalinity. It seems that pH 
most likely is the most influential factor relative to the 
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invertebrate populations in Sandy Creek. 
C. Diversity Indexes 
Diversity indexes relate the number of taxonomic groups 
to the total number of individuals in a sample. Thay provide 
an excellent basis for making comparisons between stations. 
mackay and Kalff (1969) have pointed out that the number of 
species an area will support is related to the number of 
potential microhabitats. These authors and others (Percival 
and Whitehead, 1929; Pennak and Van Gerpen, 1947) have also 
pointed out that sandy areas support the fewest number of 
animals. 
The number of animals that an area may support appears 
to increase with tha size of substrate particles, presonce 
of detritus, and presence of rooted vegetation (Percival and 
iAlhitehead, 1929; P.ennak and Van Gerpen, 1947; HynC:?s, 1961; 
iliinckley, 1963; Coffman, 1967). Station II had more rooted 
vegetation than other stations, and had the most animals 
present on 10 out of 22 sampling dates. 
Since diversity indexes relate the numbers and kinds of 
animals, thay may also indicate the suitability of the area 
for habitation. Observing the index over time appears to 
provide a good indicator of the stability of a particular 
habitat. The fact that a station has high total numbers does 
not necessarily indicate that it also has the most stubility 
or the highest diversity. Station II had larger numbers of 
animals on more occasions than any other station. Station III 
(Fig. 15) had the most animals on only 4 sampling dates. 
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Diversity analysis by ~argalef's (1958) equation showed that 
station Ill (fig. 18) had the highest diversity on 10 of the 
sampling dates. 
Patten (1962) has stated that mean diversity per 
individual at a given location reflects the quality of the 
biotope there. This is taken to mean that higher diversities 
indicate conditions favorable to the animal species present. 
A significant correlation (P < 0.05) between the Isopoda and 
the Chironomidae was detected at station Ill, indicating 
that perhaps this station providesbetter conditions far both 
of these detritivores. 
The fluctuations in OOargalef's (1958) diversity indux 
at station I and II may indicate the response of populations 
to stressful conoitions. At station II in early June, the 
dissolved oxygen (Fig. 4) dropped from 14.8 ppm to 7.8 ppm 
over a nine day period. The mean total number of animals 
increased slightly from 101.5 to 104.0 animals per Ekman 
sample. Patten's (fig. 17) diversity per individual however 
decreased 46~ from 1.524 to 0.823, indicating a ch a nge in 
community structure. The oligochate density decreased by 50fa 
over the nine day period ~hile the amphipod density increased 
50~ over the same period. It appears that the diversity index 
detected the shift in community composition as a result of the 
stress induced by the decrease in oxygen concentration. 
The influence of currant on the nature of the substrate 
may provide stress in a community. This is both difficult to 
measure and substantiate. The immediate effects of rainstorms 
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are even more difficult to assess. The effect of localized 
~ash-outs could be virtually obscured within two weeks by drift 
of animals from upstream stations. 
Patten's (1962) index of diversity per individual 
(figures 16-18) appears to be quite sensitive to changes with-
in the community. Standard deviations calculated for ma rgalef's 
diversity (Table 54) and Patten's diversity (Table 55) show 
that the Patten index is mora variable than ~argalef's. The 
standard deviations of Patten's indexes were moro than twice 
as large as standard . deviations for Margalef's equation. This 
is due in part to the nature of Patten's index which takes 
into consideration the population of each taxonomic group. 
Optimum performance of Patten's index is probably obtained 
when taxonomic groups are determined to the lowest taxonomic 
level. 
Both Patten and Nargalef indexes (Figures 16-18) provided 
higher diversities during August and September than in May, 
June and July. On September 22, at station III (Fig. 18) 
diversity per individual was 2.462. The highest value detected 
at this station during May, June or July was 1.969, on Juno 2. 
Similar patterns can be observed for station I (Fig. 16) and 
station II (fig. 17). Autumn peaks in diversity are to be 
expected since this is a period in which many invertebrates 
prepare to overwinter and increase the size of their pop-
ulations (Hynes, 1970b). 
Chironomid populations also showed increasing diversities 
during late summer. At station I (Fig. 20), the P~tten div-
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ersity was nearly 1.0 in late August and then decreased to 
approximately 0.2 in late October. Station 11 (fig. 21), 
reached a peak of about 0.9 in late September and declined 
thereafter. Station III (fig. 22) attained a diversity per 
individual of about 0.9 in late September. Diversity at 
station Ill appears to have rapidly declined to about 0.05 in 
early October. 8y early November the index had again risen 
to about 0.7. Decreasing diversity in chironomid populations 
during the autumn may be due to the burrowing of some midges 
into the substrata to overwinter which Oliver (1971) pointed 
out. The Tanypodin a e and Orthocladiinae percent composition 
decreased during early autu mn at stations II and Ill (figure 
19, Table 57) as a result the diversity for th ese stations f,.. 0 1,.-.\,.\~ 
decreased. 
Stream currents often affect the distribution of detrital 
material (Hynes, 1970b). Chironomidae populations have be en 
shown to be correlated with the distribution of detritus 
(Egglishaw, 1964, 1969). Thus changes in the di s tribution of 
the detritus by stream currents could result in ch ange s in the 
distribution of midges. The rapid decrease i n diversity at 
station III in early October may be due to the problem of 
sampling a contagious (clumped) distribution of niidgas, rather 
than changes in populations. In a single riffle, Usinger and 
Needham (1956) found that a minimum of 73 samples would be 
required to adequate l y sample the types of fauna present. 
The Tanypodinaa are known to be predaceous o~ other midge 
larvae and oligochaotes (Pennak, 1953; Olivar, 1971). At 
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stations I and III significant (P ~ 0 .05) correlations were 
demonstrated between the nu ~b ers of ~ligochaet and Chironomidae. 
This ~ay have been due to common substrate preferences, but 
it is also possible that the coralation may have bean due to 
the predatory behavior of soma midges. 
Hillsenhoff (1963, 1964) has shown soma evidence that the 
Hirudinea are pradacaous upon Chironomidae larvae. For Sandy 
Creek, this was not able to ba corroborated through correlation 
analysis. 
This investigation revealed that the Chironominae were 
numerically the most important of the chironomids. Unlike 
various English investigations (Percival and Whitehead, 1929; 
Hynes, 1961; Morgan and Egglishaw, 1965; Egglishaw and Morgan, 
1965) where most of the midges were Orthocladiinaa. Oliver 
(1971) bas reported that the Orthocladiinae are more northern 
in their distribution than the Chironominaa. This seams a 
plaus~ble explanation for the abundance of Chironominae in 
Sandy Creek. 0 The British Isles are above 50 N. latitude, 
while Western New Yprk is approximately 43° N. 
Diversity indexes appear to offer a powerful tool for 
analysing the fluctuations of animal populations . if the 
problems of stream sampling can sucessfully be solved. Further, 
these indexes offer about th~ only way to measure the pooled 
effects of physical and chemical factors on the animals ability 
to survive. Diversity indexes are probably the key to detarmin-
' ing the ·suitability of a habitat as reflected by its faunal 
\ 
components. 
Sandy Creek in Urleans and western ~onroe counties was 
studied from February 197U to Oacember 1970. Physical-chemical 
data from weekly samples were used to provide background 
information for the oiweekly benthic sampling program. 
Three sampling stations were selected to show how the 
physical and chemical factors changed as the water flowed 
downstream. Duplicate benthic samples were taken at each 
station with a modified 15.6 cm. square Ekman dredge. Samples 
were preserved in 10 /o formalin until flotation with a sucros e 
solution was accomplished to remove the invertebrates from the 
deoris. 
~ater temperatur e , dissolved oxygen and pH values were 
found to increase as water flo~ed downstream. Carbon dioxid e 
and total (methyl orange) alkalinity decreased in conc e ntr a tion 
as the water flowed downstream. Correlation analysis w<.is 
used to shaw that pH is probably the most influential af ull 
chemical factors in Sandy Creek. 
The substrate at s tation II consisted of small stones, 
gravel and silt. This station ha d the highest st~nding cr uµ 
on 10 out of 22 sampling dates. The total numbor of or gan-
isms for all stations ranged from 11 per [ kman s am ple to 1273 
per Ekman sample. Peaks in total numbers wero must often 
reached in late ~ugust and September. 
five groups (Amphipoda, Uligochaeta, nirudinea, Coleoptera, 
Chironomidae) comprised from 75~ to 96fo of the invertebrates 
encountered in Sandy Cre ek. The Llligochaeta were most abundant 
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numerically. They comprised from 8~ to 54~ of the total 
samples. The Chironomidae were second in abundance, and 
made up from 15~ to 50fo of the total sample. 
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The chironomids ~ere represented by three subfamilies: 
the Tanypodinae, the Orthocladiinae, and the Chironominae. 
The Orthocladiinae (71.42~) and Chironominae (92.85~ ) occurred 
most frequently at station III. Tanypodinae were most 
frequently observed (60.40fo) at station II. At station I, 
the Tanypodinae and Urthocladiinae occurred in about half 
(47.61~) of the samples. The Chironominae were nu me rically 
the most abundant of the midges. 
Two different indexes of diversity were calculated from 
the data and compared. Patten's diversity per individual 
was found to be more sensitive to changes in community 
structure th an Margalef's community diversity. 
community dive r sity ranged from 0,134 to 1.237. 
1!i ar ga l s f' s 
Patten's 
diversity per individual ranged from 0.909 to 2.892. Cal-
culations of the two indexes using only th e chironumid data 
revealed that the l1 largalef index ranged from O.UOO to 1,579. 
Diversity indexes appear to offer a powerful tool for 
analysing the fluctuations of animal populations if the 
problems of stream sampling can be solved. Further, these 
indexes offer about the only way to evaluate the pooled 
effects of physical and chemical factors on the animals' 
ability to survive. Diversity indexes are probably the key 
to determining the suitability of a habitat as reflected by 
its faunal components. 
APPENDIX A (TABLES) 
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Tab le 1. um be r s of f ish t aken fro m San dy l. r aak by se ining . 
Da t a fro m mu ~eum recor ds mainta in e d by Or. Cl a ffey -
Fish c:oll e c: te ,j at N. y • Route 19 
0 
co .:n 
°' °' °' 
CJ !"'-










..- .- ..- ..- .- \.0 ()\ 
°' 
..-
(J\ .- ..- \D 
r--
°' 
r<1 r<1 co ..- co 
N .. ..- N N ..- co N ....... 
....... i.n ..- .- ....... 
"::> ....... >< >< >< ::> ....... 
....... "::> ....... ....... ....... >< >< x ....... :::> 
Alosa pse udo ha r e ngus 3 
Cato s t om us comme r s onnii 1 
H>•pen t e liurn ni gricans 1 
Cyp r i nus carp i a 1 1 
Sa mo t ilus atro ma cula tus 1 4 2 
Semo ti lus ma r ga rita 1 
Hybopsis biguttata 2 3 8 2 2 3 4 
Hy bop s is micr opogon 3 
upso poeodus emiliae 1 
Not rap i s cor nu tus 1 39 2 4 
Notr opis spi lo pter us 1 
Hy bog nathus nu chalis 
Pi mphales no tatus 4 
Camp ostorna a no malum 
Ictal uru s ma las 1 2 2 6 2 
Ict a l urus neb ulosus 1 
I ct a l urus na t a l is 
No turu s f l a vus 1 
Schil be odes gyrinus B 2 2 6 13 
Es ox lu cius 
fun du lu s diaphanus 20 4 5 
Roccu s ch rysop s 3 
St izos tedi on vitr eum 
IY1 i c r op t e r us dolo mieu i 1 5 1 
111 i c r op t er u s salmoi dss 3 3 1 
lepomis gi bb os us 12 2 8 13 2 
Lepomis ma c r ochirus 
Amb l opl i tes rupe s tr i s 1 2 3 2 6 5 7 1 
Pomoxi s nigr oma cu latus 
Euc a li a i nconst a ns 1 2 
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Table 1 (Cont.). Numbers of fish taken from Sandy Creek by 
seining. Data from museum records maintained 
by Dr. Claffey 
Fish collected at Kendall 1ll i lls 
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Alosa pseudoharengus 
Catostomus commersonnii 1 1 3 
Hypentelium ni gricans 
Cyprinus carpi a 
Se mo tilus atromaculatus 
Semotilus margarita 
Hy.bop s is plu mb e a 2 
Hybo psis biguttata 14 4 
Hybop s is micro pogon 
Opsopoeodus emi liaa 5 
Notropis corn utus 29 5 2 15 
Notropis spilopte rus 
Hybognathus nuchalis 6 
Pimphales not a tus 
Campostoma anomalum 1 
Ictalurus me l a s 1 2 1 
Ictalurus ne bulosus 
Ictalurus natalis 1 
Noturus f lavus 2 
Schibeodss gyrinus 2 
£sax lucius 1 1 1 
fundulus diaphanus 1 2 
Roccus chrysops 
Stizostedion vitreum 1 
fl'l icroptarus dolomieui 1 1 1 
111J. crop teru s salmoides 
Lepomis gibbosus 2 2 
Lepomis macrochirus 2 
Ambloplites rupestris 7 12 7 13 2 7 
IJomoxis nigromaculatus 1 
Eucalia inconstans 
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Table 2. Aquatic vasculars found at the mouth of Sandy Creek 
lAdapted from ~e w York State Conservation Dept., 
1940) 
Scientific name Common nam e Abundance 
Typha agustifolia Narrow Leaved Cattail Abundant 
Typha latifolia Broad Leaved Cattail frequent 
Sparganium eurycarpum durreeds Rare 
Potamo geton americanus Pondweed Common 
Potamogeton co rn pressus Pondweed Rare 
Potamogeton natans floatin g Pondweed fr equent 
Potamogeton pectinatus Sago Pondweed Rare 
Potamogeton richardsonii Hedhead-gr as s Rar e 
Najas flexilis Naiads frequ ent 
Sagittaria hererophylla Arrowhead Common 
Sag itt a ria latifolia Arrowhead Rar e 
Elodea canadensis Common elodea frequ ent 
Vallisneria americana Eel Grass Co mmon 
Scirpus acutus Bullrush Rare 
Scirpus validus Hullrush Rar e 
Lemma minor Little Duckweed Fr equ ent. 
Lemma trisulca Star Duckweed Frequent 
Spirodela polyrhiza aig Duckweed Abund ant 
~olffia punctila watermeal frequ en t 
Heteranthera dubia ~ ater-star g rass Common 
Pontederia cordata Pickerel ~ eed Common 
Polygonium coccinium marsh Smartweed frequ ent 
Cerrat6phyllum demersum Coontail Common 
Table 2 (Cont.). Aquatic vasculars found at the mouth of 
Sandy Creek 
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Scientific name ~ommon name Abundance 
Nymphaea tuberousa IAlhite .llaterlily Common 
Nymphozanthus variegatus frequent 
Myriophyllum exalbescens Northern ~atermilfoil Rare 
Utricularia vulgaris Common Bladderwort Common 
Azola caroliniana water-velvet Abundant 
Tabla 3. Discharge values for Sandy Creek 
Date 
fYlay 24, 1957 
Sept. 19, 1957 
Nov. 6, 1969 
feb. 23, 1970 
April 16, 1970 
April 23, 1970 
l•lay 1, 1970 






( 111 e t er s / sec • ) 
3.48 
0.64 






Source of Reference 
N. Y. State Pollution 
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Tabla 4 (Cont.). Physical-chemical data; Sandy Creek, fabruary through Uecember, 1970 
free Phanolpthalain Total 





f1l inimum 6.9 o.o o.o 64.0 
filaximum 9.8 23.0 64.0 230.0 
Range 2.9 23.0 64.0 166.D 
l\'l ean 8.09 3.85 13.80 145.36 
s.o. 0.66 5.86 15. 95 42.01 
S.E. 0. 10 0.92 2.52 6.64 
Station II 
lli inimum 6.9 o.o 0. 0 . ' 70.0 
1ilaximum 9.8 26.5 60.D 334.0 
Range 2.9 28.5 60.0 264.0 
f•lean 8. 13 4.35 12.31 162.69 
S.D. 0. 59 5.68 16.22 44.47 
S.£. D.09 0.91 2.59 7.12 
Station III 
ifl inimum 6.7 o.o o.o 142.0 
111aximum 8.2 28.0 24.0 322.0 
Range 1.5 28.0 24.0 180.0 
Ifie an 7.90 11.14 2.15 251.74 
S.D. 0.41 7. 14 8.43 51.14 
S.£. 0.06 1. 12 1.35 8. 19 
Ul 
...., 
Tabla 5. Physical-chemical data; Sandy Creek, February through lrlay, 1970 
Air Water Dissolved Oxygen 
Temperature Temperature Oxygen Saturation 
(Deg C) (Deg C) __ (~P~) (Per Cent) 
Station I 
Illini mum 1 • 0 0.0 9.6 84.0 
lrlaximum 26.0 21.0 17.2 144.U 
Range 25.0 21.0 8.0 60.0 
fllean 9.60 8.42 13.60 116.50 
s.o. 7.41 7. 95 1. 76 19.73 
s. £. 1.98 2. 12 0.47 5.27 
Station II 
1IH nimu m 3.0 o.o 8.3 83. (J 
lil aximum 27.0 22.0 22.0 150.0 
Range 24.0 22.0 13.7 67.0 
ftl ean 11 . 39 8.96 14.50 121.64 
S.D. 8.54 8.29 3.05 21.22 
S.E. 2.28 2.21 0.81 5.67 
Station III 
li1i nimum 1.5 0.0 8.0 75.0 
iti aximum 26.5 21.0 15.0 150.0 
Range 25.0 21.0 7.0 75.0 
Ne an 11 . 35 8.28 13.05 112.28 
5.D. 8.05 7.72 2.23 20.09 
S.E. 2. 15 2.06 0.59 5.37 
c.n 
CD 
Table 5 (Cont.). Physical-chemical data; Sandy Creek, February through ~1ay, 1970 
free Phenolpthalein Total 
pH Carbon Dioxide Alkalinity Alkalinity 
( PPlli) ( PtJ l\I) ( P P1rl) 
--
Station I 
ltlinimum 7.0 o.o o.o 76.U 
111aximum 8.7 23.0 27.0 23U.U 
Range 1.7 23.0 27.0 154.0 
Irie an 7.78 7.09 6.71 169.38 
S.D. 0.47 7.46 9.99 37.28 
S.E. 0. 12 1.99 2.67 9.96 
Station II 
11linimum 7.3 0.0 0.0 112.0 
itlax imum 8.9 14.5 38.0 228.0 
Hang a 1 • 6 14.5 38.0 116.0 
1llean 7.92 5.40 5.25 177.90 
S.D. 0.41 3. 95 11. 41 30.81 
S.E. 0. 13 1.09 3. 16 8.55 
Station Ill 
ll1inimum 7.2 1.8 o.o 142.0 
1i!aximum 8.3 20.5 o.o 288.0 
Range 1 • 1 18 .7 0.0 146.0 
11\ean 7.79 8.68 o.oo 217.28 
s.o. 0.39 5. 13 39.31 
S.£. 0. 10 1.37 10.51 
Ul 
\0 
Table 6. Physical-chemical data; Sandy Creek, June through August, 11)7U 
Air Water Dissolved Uxygen 
Temperature Temperature Uxygen Saturation 
( Oeg C) ~Deg C) ~ p ~ljll) (Per Cent) 
Station I 
1ilinimum 16.0 17.5 7.6 83.0 
l1 iaximum 33.0 30.5 19.8 150.0 
Range 17.0 13.0 12.2 67.0 
ille an 23.61 23.57 12.66 122.69 
S.D. 5. 19 4.01 4.86 27.75 
S. E. 1.44 1. 1 1 1.35 7.70 
Station II 
!'ii i nimum 16.0 18.0 6.4 72.0 
iliaximum 33.0 30. 0 19.2 150.0 
Hang a 17.0 12.0 12.B 78.0 
f: lean 26.03 23.57 12.64 127.46 
S.D. 5.25 3.51 4.28 28.05 
S.E. 1.45 0.97 1 • 18 7.79 
;itation III 
11i inimum 16.5 17.0 6.0 55.0 
riaximum 33. 0 25.0 15.2 150.0 
Hange 16.5 7. 0 9.2 95.0 
mean 24.41 18.84 8.76 96.50 
s.o. 4.30 5.63 2.79 20 .58 
S.E. 1. 24 1. 56 0.80 8.26 
°' 0 
Table 6 (Cont.). Physical-chemical data; Sandy Creak, June through August, 1970 
fz-ee Phenolpthalein Total 
pH Carbon Dioxide Alkalinity Alkalinity 
( PP:•l) (µµill) ( µµ111) 
--
Station I 
ill inimum 7.8 0.0 0.0 64.0 
111a ximum 9.8 11. 0 60.0 1Y6.0 
Ra rig e 2.0 11 . 0 60.0 132.0 
11iean 8.70 0.84 20.30 12':1.53 
S.D. 0.58 3. 04 16.52 32. 16 
S.E. 0. 16 0.84 4.58 f.L93 
Station II 
11iinimum 7.8 0.0 o.o 7U.O 
iii a.ximum 9.8 28.5 60.0 334.0 
Mange 2.0 28.5 50.0 264.0 
frlean 8.56 4. 19 21.64 151.23 
S.D. 0.63 8.27 20.61 64.84 
S.E. 0. 17 2.29 5.72 18.01 
Station Ill 
11linimum 7.8 o.o o.o 192.0 
ri axirnum 9.0 28 .o 24.0 322.0 
Range 1 • 2 28.0 24.0 13U.O 
l1iean 8.20 13.15 6.46 288.00 
;._ ·· :· S.D. 0.28 9.67 : > 13.97 44.36 
. . -j ·· S.E. 0.07 2.68 3.88 12.32 .. 
·- i 
°' _. 
Table 7. Physical-chemical data; Sandy Creek, SepteQber through December, 1970 
Air :i~nter Oissolved Uxygen 
Temperature Temperature Uxygen Saturation 
\Deg C) ( Oeg C) (µµ:fl) (tJar Cent) 
Station I 
11iinimum 4.0 0 • (J 7.U 83.U 
ll!aximum 25.0 22.0 17.J 150.0 
Range 21.0 22.0 10.0 67.0 
111ean 12.92 11 . 33 11.72 107.76 
s . (). 6.22 6.21 2.82 21. 69 
S. E. 1. 72 1. 72 0.78 6.02 
Stat.ion II 
minimum 3.0 o.u 8.4 88.0 
111aximum 25.5 22.0 13.6 127.0 
Hang a 22.5 22.0 5.2 39.0 
,riaan 14.11 11 • 38 11. 12 103.38 
5.D. 6.63 6. 1 g 1. 81 10.05 
S.E. 1.84 1 . 71 0.50 2.79 
Station III 
irlinimum 3.0 0.0 4.4 L~ 7. 0 
1•1aximum 26.0 18.0 12.6 1lJO. 0 
Range 23.0 18.0 8.2 53.0 
ltlean 13.23 10.23 8.96 79.61 
s.o. 6.81 5.47 2.66 15.89 
S.E. 1.89 1 • 51 0.73 4.41 
°' N 
:'""''~.ir. ·-,:::.-":~ !'";,:~'. . • ·-~ •· ..... ~} .... F =:~,!!~~.:~-:~~: . c~~ '.-:"~:,c: , ........ ; ,.. 
Table 7 (Cent.). Physical-chemical data; Sandy Creak, September through December, 1970 
free Phenolpthalein Total 
pH Carbon Dioxida Alkalinity Alkalinity 
~PP fll l ~ PP11il ( PIJ11i) 
Station I 
il\inimum 6.9 o.o o.o 100.0 
1r1aximum 8.7 14.0 6~.o 190.0 
Range 1 • 8 14.0 64.0 90.U 
r11ean 7.81 3.38 14.76 146.0 
5.D. 0.48 4.43 18.55 28.99 
S.£. 0. 13 1. 23 5. 15 8.05 
Station II 
1)iinimum 6.9 o.o o.o 118.0 
11laximum 8.6 10.0 32.0 20U.O 
Hange 1 • 7 10.0 32.0 tl2. 0 
ll isan 7.90 3.46 9.84 158.92 
s.o. 0.42 4.01 10.94 26.51 
5.£. lJ. 11 1 • 1 1 3.02 7.36 
Station III 
1riinimum 6.7 3.5 o.o 160.0 
ftlaximum 8.2 23.5 o.o 306.0 
Range ... --I • :::> 20.G 0.0 146.0 
l•iean 7.72 11 • 7 8 o.oo 252.66 
S.D. 0.41 5.65 44.66 
5. E. U.11 1. 56 12.9U 
°' VJ
Tabla 8. Total counts per Ekman sample; Sandy Creek, 
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Tabla 9. Total counts par Ekman sample; Sandy Creek, 
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Table 10. Total counts per Ekman sample; Sandy Creak, 













































I I I I I 
A 8 A 8 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
10 18 0 1 
14 10 0 0 
16 22 0 2 
1 7 14 0 2 
0 0 0 0 
0 0 0 1 
0 0 0 0 
0 1 0 0 
0 0 1 0 
0 0 3 4 
4 5 0 0 
5 2 45 123 
1 0 0 0 
1 2 0 0 
0 7 0 0 
68 81 49 13J 
66 
Table 11. Total counts par Ekman sample; Sandy Creek, 













































I I I I I 
A 8 A 8 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
41 42 0 7 
33 1 0 0 
0 3 1 2 
27 34 2 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 2 0 
1 0 0 2 
21 (l 1 3 
1 0 9 91 
0 0 0 0 
3 1 a 0 
0 0 0 0 
127 81 15 105 
67 
Tabla 12. Total counts par ~krnan sample; Sandy Creek, 


































































I I I 11 
8 A B 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
3 0 0 
40 0 0 
12 1 0 
8 0 0 
0 0 0 
0 0 0 
0 0 0 
·O 0 0 
0 0 0 
0 1 2 
6 0 0 
0 26 17 
0 0 0 
1 0 0 
0 0 0 
70 30 19 
68 
Table 13. Total counts par Ekman sample; Sandy Creak, 
fl'iay 5, 19 70 
STATION I I I I I I 
REPLICATE A 8 A 8 A 8 
Hydrozoa 0 0 0 0 0 0 
Turbellaria 0 0 0 0 0 0 
Nematoda 0 0 0 0 0 0 
Nematomorpha 1 0 0 0 0 0 
Oligochaeta 12 27 16 14 28 53 
Hirudinea 3 1 0 0 4 5 
Isopoda 0 1 0 0 5 5 
Amphipoda 4 10 0 0 15 11 
Hydracarina 0 0 0 0 0 0 
£phemaroptera 0 0 0 0 0 0 
Anisoptera 0 0 0 0 0 0 
Zygoptsra 0 0 0 0 u 0 
Hemiptera 0 0 0 0 0 0 
Trichopt e ra 1 0 2 0 0 2 
Coleoptera 12 5 2 0 7 3 
Chironomidaa 94 37 33 16 116 148 
Diptera (other) 1 0 3 1 0 0 
Gastropoda 0 0 0 0 0 0 
Pelacypoda 0 0 0 0 0 0 
TOTAL 138 81 56 31 215 227 
69 
Tabla 14. Total counts per Ekman sample; Sandy Creek, 
iri a y 1 9 , 19 7 0 












































I I Ill 
A B A 
0 0 0 0 
1 0 0 0 
0 0 0 0 
0 1 0 0 
6 14 9 65 
1 0 0 0 
9 98 10 1 
15 42 2 0 
0 0 0 0 
a 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
3 14 1 1 
1 0 12 2 
0 1 0 0 
0 0 1 0 
0 0 0 0 
36 170 35 69 
70 
Table 15. Total counts per Ekman sample; Sandy Creek, 
June 2, 19 70 
STATION I II l I l 
REPLICATE A 8 A 8 A 8 
Hydrozoa 0 0 0 0 0 0 
Turbellaria 0 0 1 0 0 1 
Nematoda 0 0 0 0 0 0 
Nematomorpha 0 0 0 0 0 0 
Uligochaeta 68 57 15 9 55 37 
Hirudinea 0 1 2 0 0 0 
Isopoda 0 0 4 3 13 8 
Amphipoda 0 0 60 73 14 11 
Hydracarina 0 0 0 a 0 0 
£phemeroptera 0 0 0 0 0 0 
Anisoptera 0 0 0 0 0 0 
Zygoptera 1 0 0 0 a a 
Hemiptera 0 0 0 0 0 0 
Trichoptera 0 0 0 a 1 1 
Coleoptera 46 10 10 6 1 5 
Chironomidae 49 23 6 5 39 32 
Diptera (other) 0 0 0 0 0 0 
Gastropoda 0 0 0 0 0 0 
Pelacypoda 0 0 0 0 0 0 
TOTAL 166 91 106 97 123 95 
71 
Table 16. Total counts per Ekman sa~ple; Sandy Creek, 
June 18, 1970 
STATION I I I III 
REPLICATE A B A 8 A 8 
Hydrozoa 0 0 0 0 0 0 
Turbellaria 0 0 0 0 1 0 
Nematoda 0 0 0 0 0 0 
Nematomorpha 0 0 0 a 0 0 
Oligochaeta 45 43 1 11 60 92 
Hirudin ea 0 0 0 2 a 0 
Isopocia 0 0 2 1 12 2 
Amphipoda 3 0 132 50 16 4 
Hydracarina 0 0 0 0 0 0 
Ephemaroptera 0 0 0 0 0 0 
Anisoptera a 0 0 0 a Ll 
Zygoptera 0 0 0 0 0 0 
Hemiptera 0 0 0 a 1 0 
Trichoptera 0 0 0 0 1 1 
Coleoptera 5 1 1 4 D 7 
Chironomidae 71 24 4 0 64 48 
Oiptera (other) 0 a 0 0 0 0 
Gastropoda 0 0 0 0 a 0 
Pelecypoda 0 0 0 0 0 0 
TOTAL 124 60 140 66 155 154 
72 
Tabla 17. Total counts per £kman sample; Sandy Creek 



































































8 A B 
1 0 0 
0 a 0 
0 0 0 
0 0 0 
6 68 64 
16 0 1 
4 1 1 
254 3 7 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 0 
7 2 11 
21 59 118 
0 0 0 
0 0 0 
0 0 0 
311 134 203 
73 
Table 18. Total counts per Ekman sample; Sandy Creak, 
July 14, 1970 
STATION I I I III 
REPLICATE A 8 A 8 A 8 
Hydrozoa 2 5 0 0 0 0 
Turbellaria 0 0 12 6 0 (J 
Nematoda 0 0 0 0 0 0 
i'Jematomorpha 0 0 0 0 0 0 
Oligochaeta 178 185 7 3 40 44 
Hirudinoa 0 1 19 27 0 0 
Isopoda 0 0 10 4 1 1 
Amphipoda 14 1 283 154 4 3 
Hydracarina 0 0 0 0 1 0 
£phemeroptera 0 0 0 0 0 u 
Anisoptera 0 0 0 0 0 0 
Zygoptera 2 1 0 u 0 0 
Herniptara 0 0 0 0 1 0 
Trichoptera 0 0 0 0 0 0 
Coleoptera 8 1 15 4 0 0 
Chi r onomi daa 60 58 25 4 94 46 
Di.ptera (other) 0 0 0 2 0 0 
Gastropoda 0 0 0 0 0 0 
Pelecypoda 0 1 0 0 0 2 
TOTAL 264 253 371 204 142 95 
74 
Table 19. Total counts per Ekman sample; Sandy Creek, 
July 28, 1970 
STATION I II III 
REPLICATE A 8 A 8 A 
Hydrozoa 0 0 0 0 0 0 
f urbellaria 0 0 1 0 0 0 
Nematoda 0 D 0 0 0 0 
Namatomorpha 0 0 0 0 0 0 
Oligochaata 3 21 36 13 31 72 
Hirudinea 0 0 24 5 0 1 
Isopoda 0 0 14 2 3 a 
Amphipoda 1 0 63 39 5 1 
Hydracarina 0 0 0 0 0 0 
£phemeroptera 0 0 0 0 0 0 
Anisoptera 0 a 0 0 0 0 
Zygoptera 0 1 2 2 1 0 
Hemiptera 0 0 1 0 0 1 
Trichoptera 0 0 0 1 7 0 
Coleoptera 2 13 25 29 0 2 
Chironomidae 10 17 36 18 58 74 
Diptera (othor) 0 0 2 9 1 0 
Gastropoda 0 0 1 0 0 0 
Pelecypoda 0 0 0 0 0 0 
TOTAL 16 52 205 116 106 151 
75 
Table 20. Total counts per Ekman sa~ple; Sandy Creek, 


































































II I I I 
A 8 A 8 
0 0 0 0 
0 0 4 0 
0 0 0 u 
0 0 a 0 
15 27 9 45 
24 0 2 0 
4 0 0 0 
25 0 18 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 1 0 
1 2 4 5 
0 0 0 0 
12 0 25 0 
123 41 55 51 
4 0 0 0 
0 0 0 0 
0 0 0 0 
210 70 110 103 
76 
Table 21. Total counts per Ekman sample; Sandy Creek, 
August 26, 1970 
STA TI UN I II l l l 
REP LI CAT£ A 8 A 
Hydrozoa 0 1 0 0 0 0 
Turbellaria 3 2 20 48 0 0 
Nematoda 0 0 0 0 0 0 
Nematomorpha 0 0 0 0 0 1 
Olj.g ochae ta 63 48 6 0 23 43 
Hiru di ne a 1 0 15 22 0 1 
Isopoda 0 0 1 2 0 1 
Amphipo da 1 1 19 155 0 1 
Hydracarina 0 0 0 0 0 0 
Ephemeroptera 0 0 0 0 0 0 
Anisoptera 1 0 0 0 0 0 
Zygoptera 4 4 1 26 0 0 
Hemiptera 1 4 1 1 0 2 
Trichoptera 16 2 0 0 2 u 
Coleoptera 12 2 20 81 0 2 
Chironomidae 27 36 252 937 34 36 
Diptara (other) 0 0 0 1 1 0 
Gastropoda 0 0 0 0 0 0 
Pelecypoda 0 0 0 0 0 0 
TOTAL 129 100 335 1273 60 87 
77 
Tabla 22. Total counts per Ekman sample; Sandy Creek, 
September 8, 1970 
STA Tl ON I I I I I I 
REPLIC ATE A 8 A 8 A B 
Hydrozoa 0 0 0 0 0 0 
Turbellaria 9 4 72 21 0 1 
Namato da 0 0 0 0 0 0 
Namatomorpha 0 0 4 0 1 u 
Oligoch asta 104 130 28 21 53 64 
Hirudinea 7 2 18 25 2 0 
Isopoda 1 0 1 2 0 0 
Amphipoda 2 4 85 114 2 4 
Hydracnrina 0 0 0 0 0 0 
Epha rno roptura 0 2 0 1 0 1 
Anisopt8ra 0 0 0 0 0 0 
Zygoptera 3 4 8 7 0 0 
Hemiptera 0 0 a 0 1 1 
Trichopte ra 2 1 1 0 0 2 
Coleoptera 20 21 7~\ 15 0 3 
Chironomidae 53 47 32 46 43 48 
Diptera (other) 0 0 0 1 0 0 
Gastropoda 0 0 0 0 0 0 
Palecypoda 0 0 1 0 0 0 
TOTAL 201 215 323 253 102 124 
78 
Tabla 23. Total co unts per Ekman sampl e ; Sandy Creak, 
Septembe r 22 , 1970 
STATIO N I I I II I 
REP LICATE A B A B A B 
Hyd rozoa 0 0 0 0 0 0 
Tu r bellari a 0 0 0 0 2 0 
Nem a t oda 0 0 0 0 0 0 
Nematomor ph a 0 0 0 0 0 0 
Oli go ch aeta 66 46 8 30 22 47 
Hi i' u din e a 2 3 2 0 14 1 
I sop oda 0 0 14 6 3 2 
Am p hipo da 5 5 42 17 60 13 
Hy dracarina 0 0 0 2 0 1 1 
£phe mer opt era 0 1 1 0 0 1 
Ani sop t er a 0 0 0 0 0 0 
Zygo p tera 18 19 4 0 4 1 
He mi p t e r u. 0 0 0 0 1 13 
Tric hop tera 2 8 0 1 0 5 
Col e optera 44 3 1 55 6 61 5 
Chiro nomi da e 94 122 3 65 34 52 
Di pt e ra (o ther ) 0 0 0 0 1 0 
Gast ro po da 0 1 0 0 0 0 
P al c..~ cy poda 1 0 0 2 0 0 
TOT AL 232 236 129 129 20 2 151 
79 
Table 24. Total counts per Ekman sample; Sandy Creek, 
October 6, 1970 
STATION I II I I I 
REP LI Cf\ TE A 8 A 8 A 8 
Hydrozoa 0 0 0 0 0 0 
Turbollaria 0 0 0 0 0 0 
N6mat o da 0 0 0 0 0 0 
Nemato morpha 0 0 0 0 1 0 
Oligochaeta 14 52 5 2 65 10 
Hirudi nea 1 1 6 3 0 0 
I s opo da 0 0 1 1 1 2 
Amphi poda 0 4 75 42 2 14 
Hydr a c a rina 0 0 0 0 0 0 
Eph eme ropter a 2 1 0 0 0 0 
Ani sop t e ra 0 0 0 0 0 0 
Zygo pts r a 1 0 5 2 1 0 
Hemi p t e ra 0 D 0 0 0 0 
Trich op t e ra 1 14 0 0 0 1 
Col eap t e ra 7 23 10 2 2 3 
Chiro nomidae 52 72 17 23 36 62 
Dipt er a (other) 1 0 0 1 0 0 
Gastropoda 0 0 0 0 0 0 
Pal e c1•poda 0 1 0 0 1 0 
TOTAL 79 16 8 12U 76 109 92 
80 
Table 25. Total counts per Ekman sample; Sandy Creek, 








Hiru di nea 
lsopoda 
Amphipoda 
































II I I I 
8 A 8 A 
0 0 0 0 
4 0 0 0 
0 0 0 0 
0 0 0 0 
12 0 0 28 
2 0 0 0 
0 1 1 0 
27 3 4 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 0 0 0 
0 0 0 0 
0 0 0 0 
2 0 1 1 
45 0 1 7 
0 0 0 1 
0 5 0 1 





















TOT i~L 26 95 11 11 41 21 
81 
Tabla 26. Total counts per Ekman sample; Sandy Creek, 


































































II I I I 
8 A 8 
0 0 0 
0 0 0 
0 0 0 
0 a 0 
4 4 15 
11 0 0 
7 7 0 
20 3 0 
0 1 0 
0 1 0 
0 0 0 
a 1 1 . 
0 3 0 
0 1 Q I 
13 5 1 r: 
9 10 4 
0 0 0 
0 0 0 
0 0 0 
64 35 20 
82 
Table 27. Total counts per Ekman sampla; Sandy Creek, 
November 17, 19 70 
STATION I II Ill 
REPLICATE A 8 A t3 A 8 
Hydrozoa 0 a 0 0 0 0 
Turballaria 0 0 0 0 0 0 
Nematoda 0 0 0 0 0 0 
Nematomorpha 0 0 0 0 0 0 
Oligochaeta 23 22 16 2 12 7 
Hir1Jdinea 0 1 4 3 0 0 
Isopoda 0 0 4 1 1 1 
Amphipoda 5 3 15 17 1 3 
Hydracarina 0 0 0 0 0 2 
£phemeroptera 0 0 0 0 0 1 
Anisoptara 1 0 0 0 0 0 
Zygoptera 0 0 0 1 0 0 
Hemiptera 0 0 0 0 0 0 
Trichoptera 1 1 1 0 0 1 
Coleoptara 23 11 47 26 0 4 
Chironomidae 25 12 27 30 5 15 
Diptera (other) 18 24 0 0 1 0 
Gastropoda 0 0 0 0 0 0 
Palecypoda 0 0 0 0 1 0 
TOTAL 96 74 64 80 21 34 
83 
Tabla 26. Total counts per £kman sample; 5andy Creak, 
December 1, 1970 
STATION I I I Ill 
REPLICATE A 8 A B A B 
Hydrozoa 0 0 0 0 0 0 
Turbellaria 0 0 0 0 ,0 0 
Nematoda 0 0 0 0 D 0 
Nematomorpha 0 0 0 0 0 0 
Oligochaata 18 32 3 13 11 6 
Hirudinea 0 0 1 1 3 0 0 
lsopoda 0 0 1 0 3 5 
Amphipoda 38 17 10 27 7 4 
Hydracarina 0 0 0 0 1 0 
£phemeraptera 1 0 0 0 0 0 
Anisaptera 0 0 0 0 0 0 
Zygoptara 3 0 0 0 0 0 
Hamiptera 0 0 0 0 0 0 
Trichoptera 1 0 0 0 0 1 
Coleoptera 14 6 26 20 2 1 
Chironomidaa 13 16 2 2 17 12 
D.iptera (other) 3 1 0 0 0 0 
Gastropoda 0 0 0 0 0 0 
Palecypoda 0 0 0 0 0 0 
TOTAL 81 72 53 65 41 29 
84 
Table 29. Total counts par Ekman sample; Sandy Creek, 


































































I I I I I 
8 A 8 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
17 4 15 
8 0 0 
2 4 6 
10 2 5 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 2 0 
0 1 0 
15 0 1 
'71 16 19 
0 0 0 
0 2 2 
0 0 0 
125 31 48 
85 
Table 30. Percent composition of samples; Sandy Creak, 
february 24, 1970 
STATION I I I l l I 





Oligochaeta 52.94 72.72 80.64 33. 18 
Hirudinea 56.42 
Isopoda 







Coleoptera 17.64 18. 18 12.90 10.25 
Chironomidae 11.76 9.09 3.22 




Table 31. Percent composition of samples; Sandy Creek, 
















Tri chapter a 
Coleoptera 
Chironornidae 











II I I I 











Table 32. Percent composition of samples; Sandy Creak, 
































I I I I I 
A 8 A B 
14.70 22.22 0.75 
20.58 12.34 
23.52 27.16 1. 50 





5.88 6. 1 7 
7.35 2.46 9.83 92.48 
1.4 7 
1. 47 2.46 
99.97 8.64 
88 
Tabla 33. Percent composition of samples; Sandy Creek, 
April 7, 1970 
STATION I I I I I I 





Oligochaeta 33.33 32.28 51. 85 6.66 
Hirudinsa 7.69 10.25 25.98 1. 23 
Isopoda 5. 12 3. 70 6.66 1. 90 






Trichoptera 2.56 0.78 1.90 
Coleoptara 17.94 11 . g 4 16.53 6.66 
Chironomidaa 15.38 48.71 0.78 60.00 2.85 
Dip tar a (other) 2.56 86.66 
Gastropoda 2.36 1. 23 
Palecypoda 2.56 
89 
Tabla 34. Percent composition of samples; Sandy Creak, 
April 21, 1970 
STATION 1 1 I 111 





Oligochaata 21.05 35. 71 5. 74 
Hirudinea 13. 15 8.33 8.04 57.14 
Isopoda 2.38 16.09 17. 14 3.33 






Trichoptera 3.33 10.52 
Coleoptera 5.26 4.76 11. 49 8.57 
Chironomidae 15. 78 10.71 93.33 89.47 
Dip tera (other) 1.19 
Gastropoda 2.38 1. 42 
Palecypoda 10.52 1.19 
90 
Table 35. Percent composition of samples; Sandy Creek, 
Way 5, 1970 
STA TI UN I I I I 11 




Nematomorpha 0. 78 
Oligochaeta 8.69 33.33 28.57 45.16 13.02 23.34 
Hirudinaa. 2.17 1.23 1. 86 2.20 
Isopoda 1.23 2.32 2.20 






Trichoptera 0.78 3.57 0.88 
Coleoptara 8.69 6.17 3.57 3.25 1.32 
Chironomidae 68.11 45.67 58.92 51 • 61 53.95 65.19 




Tabla 36. Percent composition of samples; Sandy Creek, 































I I I I 1 
A 8 A a 
2.77 
0.58 
16.66 8. 23 25.71 94.20 
2.77 
25.00 57.64 28 .. 57 1. 44 
41.66 24.70 5. 71 
8.33 8.23 2.85 1.44 




Tab.le 37. Percent composition of samples; Sandy Creek, 
June 2, 1970 
STATION I I I Ill 





O.l.igochaata 48.96 62.63 14.15 9 .19 44. 71 36.94 
Hirudinea 1.09 1. 88 
Isopoda 3.77 J.09 10.56 B.42 






Trichoptera 0.81 1.05 
Coleoptera 28.91 10 .98 9.43 6. 18 0.81 5.26 





Tabla 38. Percent composition of samples; Sandy Creek, 




























II I l I 
A 8 A 8 
0.64 
0. 71 16.17 38.70 58.74 
2.94 
1.42 1.47 7.74 1. 29 
94.28 73.52 10.32 2.59 
0.64 0.64 
0.64 
0. 71 5.88 4.54 
2.85 41.29 31.16 
94 
Tabla 39. Percent compoGition of sa~ples; Sandy Creak, 
June 30, 19 70 
STATION I l I Ill 
R£PLICAT£ A B A B A 8 
Hydrozoa 2.47 0.32 
Turbellaria 1. 75 
Nematoda 
Nematomorpha 
Oligochauta 65.28 75.26 24.70 1.92 50.74 31.52 
Hirudinea 0.82 0.20 6.47 5.78 0.49 
Isopoda 1. 76 1.28 0.74 0.49 





Hemiptera 0.74 0.49 
Trichoptera 
Coleoptera 1. 65 0.41 5.29 2.25 1.49 5.41 





Tabla 40. Percent composition of samples; Sandy Creek, 

































A A 8 
3.23 2. 94 
1. ea 1.47 28.16 45 .83 
32.07 13.23 
2.69 1.96 0. 70 1. 0 4 








Table 41. Percent composition of samples; Sandy Creek, 
July 28, 1970 
STATION I I I II l 





Oligochaeta 18.75 40.38 17.56 11.20 29.24 47.68 
Hirudinea 11 • 70 4.31 0.66 
I :;, opoda 6.82 1. 72 2.83 




Zygoptera 1.92 0. g 7 1. 72 0.94 
Hemiptera 0.48 0.66 
Trichoptera 0.86 6.60 
ColeaptBra 12.50 25.00 12. 19 25.00 54.71 1.32 
Cl1ir onomi dae 62.50 32.69 17.56 15.51 0.94 49.00 




Table 42. Percent composition of samples; Sandy Creek, 
August 11, 1970 
STATION l II I l I 
REPLICATE A 8 A B A 8 
Hydrozoa 
Turbellaria 3 • .38 
Nematoda 
Nematomorpha 
Oligochaeta 56.00 55.69 6.88 38.57 7.62 44.66 
Hirudinea 11.00 1. 69 
Isopoda 1. 83 





Hemiptera 0.45 2.85 3.38 4.85 
Trichoptera 
Coleoptera 12.00 3.79 5.5U 21. 18 
Chi ronomi dae 24.00 39.24 56.42 58.57 46.61 49.51 




Table 43. Percent composition of samples; Sandy Creek, 



































I I 11 I 
A 8 A 
5.97 3.77 
1.14 
1. 79 36.33 49.42 
4.47 1. 72 1.14 
0.29 0. 15 1.14 
5.67 12.17 1.14 
0.29 2.04 
0.29 0.07 2.29 
3.33 
5. 9 7 6.36 2.29 
75.22 73.60 56.66 41.37 
0.07 1.66 
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Table 44. Parcant co~position of samples; Sandy Creek, 
September B, 1970 
STATION I I I I I I 
REPLICATE A 8 A 8 A 8 
Hydrozoa 
Turbellaria 4.47 1.86 22.29 8.30 0.80 
Nematoda 
Nematomorpha 1.23 0.98 
Oligochaata 51.74 60.46 8.30 51.96 51.61 
Hirudinea 3.48 0.93 8.66 9.88 1.96 
Isopoda 0.49 5.57 0. 79 
Amphipoda 0.99 1. 86 0.30 45.05 1.96 3.22 
Hydracarina 26.31 
Ephemeroptera 0.93 0.39 0.80 
Anisoptara 
Zygoptera 1. 49 1.66 2.47 2.76 
Hemiptera 0~98 0.80 
Trichoptera 0.99 0.46 0.30 1.61 
Colsoptera 9.95 9.76 22.60 5.92 2.41 
Chironomidae 26.36 21.86 9.90 18 . 86 42.15 38.70 




Tabla 45. Percent composition of samples; Sandy Creek, 
September 22, 1970 
STATION I I I I I I 





Oligochaeta 28.44 19. 49 6.20 23.25 10.89 31 • 12 
Hirudinea 0.86 1.27 1. 55 6.93 0.66 
Isopoda 10.85 4.65 1.48 1.32 
Amphipoda 2.15 2. 11 32.55 13.17 29. 70 8.60 
Hydracarina 1.55 7.28 
Ephemeroptera 0.42 0.77 0.66 
Anisoptera 
Zygoptera 7.75 8.05 3. 10 1.98 0.66 
Hemiptera 0.49 8.60 
Trichoptera 0.86 3.38 0.77 3.31 
Coleoptera 18.96 13.13 42.63 4.65 30. 19 3.31 
Chiranomidae 40.51 51.69 2.32 50.38 16.83 34.43 
Diptera (other) 0.49 
Gastropoda 0.42 
Palecypoda 0.43 1.55 
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Table 46. Percent composition of samples; Sandy Creek, 
























17. 72 30.95 









II II I 
A A 8 
0.91 
4.16 2.63 59.63 10.86 
5.00 3.94 
0.83 1.31 0.91 2. 1 7 
63.33 55.26 1. 83 15.21 
4. 16 2.63 0.91 
1.08 
8.33 2.63 1. 63 3 .26 
14. 16 30.26 33.02 67. 39 
1.31 0.91 
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Table 47. Percent composition of samples; Sandy Creek, 
October 2u, 19 7u 
STA TI JN 1 11 111 





Oligochaeta 19.23 12.63 68.29 23.80 
Hi ru dine a. 2 .10 
Isopoda 9.0~ 9. 09 







Colaoptera 2. 10 9.09 2.43 4.76 
Chironam.idae 73.07 48.42 9.09 17. 0 7 42.85 
Diptara (other) 2.43 
Gastropoda 7.69 45.45 2.43 
Pelecypoda 1.05 18. 18 36.36 7.31 4.76 
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Table 48. Percent composition of samples; Sandy Creek, 
November 3, 1970 
STATION I I I I I I 





Oligoch<ieta 1.02 6.25 11 • 42 75.00 
Hirudinea 1.17 4.61 17.,8 
Isopoda 0.89 4.61 10.93 20.00 
Amphipoda 29.41 20.53 10.76 31.25 8.57 
Hydracarina 1 • 17 2.85 
£phemeroptP.ra 1. 78 2.85 
Anisopte r a 
Zygoptera 17.64 4.46 0.51 2.85 5.00 
Hemiptera 8.57 
Trichoptera 7.05 2.85 
Colaoptera 5.88 29.46 28.20 20.31 14.28 5.00 
Chironomidae 37.64 32. 14 50.25 14.06 28.57 20.00 




Table 49. Percent composition of samples; Sandy Creek, 
Novemoer 17, 19 70 
STATION I I I 111 





Oligochaeta 23.95 29. 72 25.00 2.50 5 7. 14 20.58 
Hirudinaa 1.35 6.25 3.75 
lsopada 6.25 1. 25 4.76 2.94 




Zygoptera 1. 25 
Hamiptera 
Trichoptera 1.04 0.35 1. 56 2.92 
Coleoptera 23. 95 14.86 73.43 32.50 11 • 76 
Chironomidaa 26.04 16.21 42.18 37.50 23.80 44.11 
Diptera (othar) 18.75 32.43 4.76 
Gastropoda 
Pelecypoda 4. 76 
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Table 50. Percent composition of samples; Sandy Creek, 
December 1, 19 7u 
STATION I I I I II 





Oligochaata 22.22 44.44 5.66 20.00 26.82 20.68 
Hirudinea 20.75 4.61 
Isopoda 1. 88 7.31 17.24 
Amphipoda 46.91 23.61 18.86 41.53 17. 0 7 13. 79 
Hydracarina 2.43 
£phemeroptera 1. 23 
Anisoptera 
Zygoptera 3. 70 
Hemiptera 
Trichoptera 1. 23 3.44 
Coleoptara 17.28 8.33 49.05 30.76 4.87 3.44 
Chironomidae 16.04 22.22 3.77 3.07 41.46 41.37 




Tabla 51. Percent composition of samples; Sandy Creek, 





























I I I I I 
A 8 A 8 
a.so 
16.66 13.60 12.90 31.25 
3.03 6 .1~0 
1.60 12.90 12.50 




31L 84 12.00 2.08 
40.90 56.80 51.61 39.58 
6.45 4. 16 
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Table 52. t1laan percent contribution of selected taxa to 


















































































































*Others include: Hydrozoa, Turbellaria, Nematoda, Nematomorpha, 
lsopoda, Hydracarina, £phemeroptera, Anisoptera, Zygoptera, 
Trichoptera, Diptera (other), Gastropoda, Pelecypoda. 
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Tabla 53. Percent occurrence; Sandy Creek, f ebruary to 
December, 19 70 
STATION I II II I 
OBSERVATIONS 42 43 42 
Hydrozoa 11.90 2.33 o.oa 
Turbellaria 11.90 27.91 11.90 
Nematoda 0.00 0.00 o.oo 
Oligochaeta 92.86 93.02 90.48 
Hirudinea 54.76 69. 77 23.81 
lsopoda 14.29 79. 07 71.42 
Amphipoda 71.42 90.70 80. 9 5 
Hydracarina 4.76 2.33 11 • 90 
£phemeroptera 16.67 6.98 14.29 
Anisoptera 4.76 o.oo o.oo 
Zygoptera 40.48 30.23 16.67 
Hemiptera 4.76 13. 95 40.48 
Trichoptera 38.10 16.28 50.00 
Coleoptera 95.24 88.37 66.67 
Chironomidae 95.24 83.72 100.00 
Diptera (other) 26. 19 25.58 11.90 
Gastropoda 11.90 16.28 9.52 
Palecypoda 19.05 11.63 14.29 
Table 54. Co mmunity diversity, ~argalaf (1958) equation; 
Sandy Creek 
STATION I II I I I 
REPLICATE A 8 A 8 A 8 
II:2:1970 0.456 0.293 0.419 0.271 
111:12:1970 0.592 0.316 0.615 
111:24:1970 0.567 0.677 0.882 0.986 0.262 0.580 
1V:7:1970 0.677 0.948 0.70U 0.493 0.622 0.477 
I V: 21 : 19 70 0. 6 79 1.104 0.611 0.627 0.281 U.15J 
V:5: 1970 0.809 0.616 0.258 0.279 0.550 0.656 
v: 19: 19 70 0.371 0.572 0.821 0.564 0.667 0.377 
VI:2:1970 0.339 0.364 0.835 0.482 O.:J86 0.725 
VI : 18: 19 7U 0.351 0.252 0.462 0.504 0.684 0.571 
Vl:30:1970 0.587 0.607 0.451 0.634 0.580 0.664 
VII:14:1970 0.538 0.756 0.622 0.774 0.576 0.483 
Vll:28:1970 0.462 0.391 1 • 106 0.944 0.596 0.572 
VIII:11:1970 0.432 0. 3 71 0.769 0.251 0.824 0.359 
Vlll:26:1970 1.049 0.961 0.839 0.736 0.384 0.855 
IX: 8: 19 70 0.887 0.080 1.053 0. 9 73 Cl.599 0.820 
IX:22:1970 0.763 0.871 0.583 U.816 0. 99 7 1 • 145 
x: 6: 19 70 0.865 0. 791 0.705 0.869 0.832 0.606 
x: 20: 19 '10 0.286 0. 725 0.490 0.654 0.673 0.739 
XI: 3: 19 70 0.735 0.829 0.667 0.634 1.237 D.446 
XI: 17: 1970 0.724 0.748 0.761 0.740 o. 739 0.966 
Xll:1:1970 0.863 0.500 0.65() lJ.506 0.673 0.705 
XI I : 15: 19 70 0.538 0 .134 0.505 0.819 0.839 0.659 
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Ill: 12: 1970 
Ill :24: 1970 
IV:7:1970 
IV:21:1970 
v: 5: 19 70 
v: 1g:1g70 
Vl:2:1970 
VI: 18: 1970 
Vl:30:1970 
VI I : 14: 19 7lJ 
VII :28: 1970 
Vlll:11:1970 
VIII:26:1970 
IX: 8: 19 70 
IX:22:1970 
x: 6: 19 70 
X:20:1970 
XI :3: 1970 
XI: 17:19 70 
X 11 : 1 : 19 70 















1. 9 60 
2.055 
1.602 





























A 8 A 8 
0. 9 51 1.331 
1. 082 0.906 1 • 86 7 
2.563 2.698 0.474 0.544 
2.173 1.349 1. 738 0.803 
1. 903 1 • 841 0.420 0.485 
1.535 1. 1 70 1. 576 1. 489 
2. 186 1.636 2.078 0.406 
1. Erno 1.248 1. 85 7 2.0 8 1 
0.415 1.230 1 • 821 1. 436 
2.201 1. 0 79 1. 336 1.48U 
1. 3 75 1.330 1.203 1.:)65 
2.644 2.524 1. 733 1.24U 
1. 942 1.128 2. 1 73 1 • 29 8 
1.408 1".373 1.256 1. 5 75 
2.630 2.394 1. 369 1. 5 76 
2.077 2.025 2.433 2. 490 
1. 7 71 1.757 1. 432 1 • 49 7 
1.789 2.004 1 • 4 79 2.099 
1. 8 76 2.425 2.892 1.220 
2.200 2.001 1. 790 2.351 
1. 949 1. 873 2.090 2.163 
1.843 1. 9 74 2.180 1. 0 75 
Tabla 56. Total counts per Ekman sample; Chironomidae 
Subfamilies, Sandy Creek 
STATION 
REPLICATE 
TA NYPODI NAE 
ORTHOCU1DI I NAE 








CH IR 0 NO i•lI NAE 
TOTAL 
TANYPODI NAE 
UR THUCLADI I i~AE 
CHIROl'Ju l11I NAE 
TOTAL 
I 
A 8 A 
f ebruary 24, 1970 
1 0 0 
1 0 1 
0 2 0 
2 2 1 





ltlarch 24, 1970 
0 0 0 
0 0 0 
0 8 5 
0 8 5 
April 7, 1970 
0 0 0 
2 1 0 
4 18 1 
6 19 1 
I I I I I 









1 0 0 
0 20 60 
1 25 63 
2 45 12 :3 
0 0 0 
0 9 68 
0 0 23 
l) g 91 
112 
113 
Table 56 (Cont.). Total counts per Ekman sample; Chironomidae 
Subfamilies, Sandy Creek 
STATION I I I I I I 
REPLICATE A B A B A B 
April 21, 1970 
TAi\JYPODI NAE 0 0 0 0 0 0 
ORTHUCLADIINAE 0 0 0 0 5 0 
CHIRONOilil NAE 6 19 0 0 23 17 
TOTAL 6 19 0 0 28 17 
irlay 5, 1970 
TANYPUDI NAE 0 0 1 5 0 0 
ORTHOCLADIINAE ~ ,.. 4 2 5 5 16 iO 
CH I R 0 N Oit"il NA E 78 33 30 5 111 132 
TOTAL 94 37 33 16 116 148 
ll1a y 19, 1970 
TANYPODINA£ 0 0 0 0 2 0 
ORTHOCLADIINAE 0 0 0 0 0 D 
CHI R Q N0111I NAE 15 2 1 . 0 10 2 
TOTAL 15 2 1 0 12 2 
June 2, 1970 
TAl\IYPUDINAE 0 0 a 1 5 4 
ORTHOCLADIINAE 2 3 0 0 0 D 
CHIRU;-JOirH NAE 47 20 6 4 34 28 
TOTAL 49 23 6 5 39 32 
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Table 56 (Cont.). Total counts per Ekman sample; Chironomidae 
Subfamilies, Sandy Creek 
STATION I I I II I 
REPLICATE A 8 A d A 8 
June 18, 1970 
Tr\NYPuDI NAt: 0 0 1 0 1 1 
ORTHOCLADIINAt: 0 0 0 0 0 0 
CHIRO i'-J01iil NAE 71 24 3 0 63 47 
TOTAL 71 24 4 0 64 48 
June 30, 1970 
TANYPODI l~AE 0 1 0 0 0 0 
ORTHOCLADI I ~JAE 2 31 10 3 6 7 
CH I R 0 N 0 i\l I NA E 31 72 29 18 53 111 
TOTAL 33 104 39 21 59 118 
July 14, 1970 
TANYPJDINAE 6 5 0 0 0 0 
OHTHOCLADII NAE 5 5 8 1 12 7 
CH IR 0 N 0 ill I NAE 49 48 17 3 82 39 
TOTAL 60 58 25 4 94 46 
July 28, 1970 
TANYPODINAE 5 10 2 1 9 7 
OR THUCU\DI I NAE 1 0 4 2 2 5 
CH i K 0 i\J OI~ I NAE 4 7 30 15 47 62 
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Table 56 (C ont.). Total counts per Ekman sample; Chironomidae 
Subfamilies, Sandy Creek 
STATION I 1 I Ill 
REPLICATE A a A 8 A 
August 1 1 ' 1970 
TA NYPlJDl NAE 1 15 0 3 0 6 
ORTHOCLADI I Ni~E 0 0 11 4 16 4 
CHIRU Nui11I f~AE 5 16 112 34 39 41 
TlJTAL 6 31 123 41 55 51 
August 26, 1970 
TANYPLJDI NA E 15 11 4 14 2 1 
ORTHOCLADIINAE 0 2 10 37 3 '• 
CHlR ONO!Yi lNAE 12 23 238 886 29 31 
TOTAL 27 36 252 937 34 36 
September 8, 19 ·10 
TANYPOIJI NAE 17 11 1 2 3 2 
OR THOCLA DI I NA L 0 1 1 5 4 5 
CH I H L) N0il1l NAE 36 35 30 39 36 41 
TOTAL 53 47 32 46 43 48 
September 22, 1970 
TANYPODI NAE 15 19 1 10 3 5 
ORTHOCLADIINAE 1 3 0 4 2 9 
CH IR ONOftlI NAE 78 100 2 51 29 38 
TOTAL 94 122 3 65 34 52 
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Table 56 (Cont.). Total counts per Ekman sample; Chironomidaa 
Subfamilies, Sandy Creek 
ST .!\ TI ON I II I I I 
REPLICATE A 8 A 8 A 8 
October 6, 1970 
TANYP OD INAE 2 1 0 2 0 0 
lJRTHO CLADIINAE 7 6 3 2 0 1 
CHIRIJ :IJLM! l\IAE 43 65 14 19 36 61 
TOTA L 52 72 17 23 36 62 
October 20, 1970 
TA NYPOD INAE 0 3 0 0 0 1 
ORTHOCLADI I N.l\E 0 0 0 0 0 0 
CHI ROilJUi11l NAE 19 43 0 1 7 8 
TOTAL 19 46 0 1 7 g 
November 3, 1970 
TA 1\1 Y P 0 u I NA E 1 5 1 0 3 0 
Oi1 THOCU\01 I NM.: 4 4 9 1 2 0 
CHIHONO l!l l Nil.E 27 27 88 8 !." ::l 4 
TOTAL 32 36 98 9 10 4 
No vemb 1.;r 17, 1970 
TANYPODINAE 3 0 0 0 0 2 
ORTHOCL AD I l NAE 0 0 0 1 1 0 
CH IR 0 NOlYlI NAE 22 12 27 29 4 13 
TOTAL 25 12 27 30 5 15 
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Table 56 (Cont.). Total counts per Ekman sample; Chironomidae 
Subfamilies, Sandy Creak 
STATION I I I I I I 
HEPLICATE A A B A 8 
December 1 ' 1970 
Ti\NYPUOI NAE 0 0 2 1 2 1 
URTHJCLAOIINAE 0 1 1 0 1 1 ' 
CHIRONUliil ~AE 2 1 14 1 1 14 10 
Tc.ITAL 2 2 17 12 17 12 
December 1 5' 1970 
TAi\IYPODli'Ji'\E 0 0 0 3 1 0 
OR THU CU\ DI I Ni\[ 0 0 1 7 0 3 
CHIRO,\JOillI N~E 8 0 26 61 15 16 
TOTl\L 8 0 27 71 16 19 
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Tabla 57. Percent composition of the family Chironomidae, 
Sandy Creek 
STATION I I I Ill 
REPLICATE A a A B A 
February 24, 19 7u 
TANYPOJINAE 50.00 100.00 
OR THLlCLAOI I 1~A£ 50.00 1uo.uu 
CHlttU1\11.Jiill NAE 100.00 
illarch 1 2 , 1970 
TANYPODINAE 1. 1 1 
ORTHOCLADIINAE 2.22 0.75 
CHIRUNOfllINAE 96.66 99.24 
~iarch 24, 1970 
TA NYP 0011\JA£ 50.00 
OR THOCU~DI I i\IAE '•4. 44 4tJ.7B 
CHIRONOl•II i~A£ 100.00 100.00 50.UO 5o.5S tl1.21 
April 7, 1970 
TANYPUDINAE 
ORTHOCLADIINA£ 33.33 5.26 100.00 74.72 
CHIHON0111I 1\IAE 66.66 94.73 100.00 25.27 
Table 57 (Cont.). Percent composition of the family 







OR TH[JCLAOl I NAE 
CH IR 0 N01Yll NAE 
TANYPUDINAE 
URTHOCLAOIINA£ 
CH IR ON0111I NAE 
TANYPODINAE 
ORTHUCLADllNA£ 
CHlliONO i\tl NAE 
I 
A B A 
April 21, 1970 
100.00 100.00 
f11ay 5, 19 70 
3.03 
17. 02 10.01 6.06 
82. 9 7 89. 18 90.90 
lllay 19, 19 70 
100.oa 100.00 100.00 
June 2, 1970 
4.08 13.04 
95.91 86. 95 100.0U 
11 III 
8 A 8 
17.8:> 
82 .14 100.00 
31.25 
31.25 4.31 4.05 
37.50 95.68 95.94 
16.66 
83.33 100.00 
20.0U 12.82 12.50 
80.00 89 .17 87.50 
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Table 57 (Cont.). Percent composition of the family 
Chironomidaa, Sandy Creek 
STATION l I I I I I 
R£PLICATE A A a A 8 
June 18, 19 70 
TANYPODINAE 25.00 1. 57 2.08 
OR THOCLADI I NAE 
CHIROJ~lJ~il i'1A£ 100.00 100.00 75.00 98.43 9 7. 91 
June 30, 1970 
Ti\NYPODINAE 0.96 
ORTHOCLADIINAE 6.06 29. 80 25.64 14.28 10.17 5.93 
CHl~UNOl!IINAE 93.93 69.23 74.35 8~. 71 89.83 94.06 
July 14, 19 70 
TANYPDDI NAE 10.UO 8.62 
DR THUCU\DI I flJA£ 8.33 B.62 32.00 25.ou 12.76 15.21 
CHlRui~0 11il NA£ 81.66 82.75 68.00 75.0U 87.23 84. 7f:J 
July 28, 1970 
TANYPUDINAE 50.00 58.62 5.55 5.55 15.51 9.45 
OR THOCLA Dl l f~AE 10.00 11. 11 11. 11 3.44 6.75 
CHI H ONO!Yll l\IA£ 40.00 41.17 83.33 8:.L33 61.03 83.78 
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Tabla 57 (Cont.). Percent co~position of the family 
Chironomidae, Sandy Creek 
STATION I II Ill 
REPLICATE A 8 A 8 A 
August 1 1 ' 1970 
TANYPODI NAE 16.66 48.38 7.31 
ORTHUCLADIINAE B.94 9.75 29.09 
CH IR 0 i\HJ i1ll NAE 83.33 51 • 61 91.05 62.92 70.90 
August 26, 19 70 
TANYPUDINAE 55.55 30.55 1. 58 1.49 5.88 
ORTH OCL ADII NA E 5.55 3.96 3.94 8.82 
CHIRONDn'II NAE 44.44 63.88 94.44 94.55 65.29 
September 8, 19 70 
TANYPODI NAE 32.07 23.40 3.12 4.34 6.97 
ORTHOCLADII N/~£ 2.12 3.12 10.86 9.3 0 
CHIRO N0111I NAE 67.92 74. 46 93.75 84.78 83.72 
September 22, 19 70 
TANYPODI NAE 15.95 15.57 33.33 15.30 8.82 
ORTHOCL ADIINAE 1.06 2.46 6. 15 5.88 
CHIRUNO L11 I NAE 82.97 81.96 66.66 76.46 85.29 
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Table 57 (Cont.). Percent composition of the family 
Chironomidae, Sandy Creek 
STATION I 11 I I I 
REPLICATE A 8 A 8 A B 
October 6, 1970 
TANYPDDI l\iAE 3.84 1.38 6.69 
uRTHOCLADllNAE 13.46 8.33 17.64 8.69 1. 61 
CHI RONU ftll NAE 82.69 90.27 82.35 82.60 100.00 98.38 
October 20, 19 70 
TANYPODINAE 6.52 
ORTHOCLADI I ~JAE 11. 11 
CHI R ONOn1l NAE 100.00 93.47 100.00 100.00 88.88 
November 3, 19 70 
TANYPODI NAE 3. 12 13.88 1.02 30.00 
ORTHOCU\01 I NAE 12.50 1 1 • 1 1 9. 18 11. 11 20.00 10U.OO 
CHI R 0 NOiiH 1\IA E 84.37 75.DO 89. 79 88.88 50.00 
Nob emb er 1 7, 19 70 
TANYPODI NAE 12.00 
ORTHOCLADllNA£ 3.33 20.00 13.33 
CHIRONOill l NAE 88.00 100.00 100.00 96.66 80.00 86.66 
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Table 57 (Cont.). Percent composition of the family 
Chironomidae, Sandy Creek 
STATION 
R£PLICAT£ 




UR THOCLADI I NAE 
CHIRO NOf11 1 NAE 
I 
A 8 






A 8 A 
1970 
11 • 76 8.33 11 • 76 
5.83 












Table 58. Chironomidae diversity, ru argalef (1958) equation; 
Sandy Creek. (*.ODD indicates no Chironomidae 
observed in sample) 
STATION I I I I I I 
REPLICATE A A B A 8 
11:24:1970 0.226 o.ooo o.ooo 0.000 
l I I : 12: 19 70 0.243 0. 107 0.000 
111:24:1970 *.000 o.ooo o.ooo o.ooo 0. 132 0. 11 7 
IV:7:1970 0. 181 0. 150 o.ooo *.ODO o.ouo 0.121 
l v: 21: 19 70 0.000 O.GOO *.000 *.000 0. 141 o.ooo 
V:5:1970 0. 121 0. 136 0.277 0.308 0.236 0.114 
v: 19: 19 70 0.000 0.000 o.ooo *.000 0. 161 o.ooo 
VI:2:197Q · 0.131 0.145 o.ooo 0 .18 7 0. 135 0.139 
VI: 18: 19 70 0.000 0. 00(.) 0. 195 *.000 0. 126 0. 131 
VI:30:1970 0.136 0.239 0 .135 0. 14 7 0. 128 0.117 
VII:14:1970 0.256 0.257 0. 144 0 .195 0. 121 0. 132 
VI I: 28: 1970 0.332 0. 152 0.273 0.302 0.257 0.2 49 
VIII:11:1970 lJ.181 0. 139 0.117 0.269 0. 129 0. 26 1 
VIII:26:1970 0. 142 0.273 0.216 0 .189 0.276 0.273 
IX:8:1970 0. 130 0.264 0.278 0.265 0.267 0.2 63 
IX:22:1970 0.242 0.234 0.207 0.253 0. 2 76 0.2 60 
x: 6: 1g70 0.260 0.250 0 .152 0.291 0.000 0. 12 7 
Xi20:1970 o.ooo 0.132 *.000 0.000 0.000 0 .169 
XI : 3: 19 70 0.278 0.273 0.240 0. 169 0.332 o.ooo 
XI: 17: 19 70 0. 144 0.000 o.ooo 0. 140 0.187 0.155 
XI I : 1 : 19 70 0.000 0.226 0.305 0. 161 0.305 0.322 
XI I i 1 5: 1970 o.ooo *.ODO 0. 142 0.250 0.154 0. 150 
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Table 59. Chironomidae diversity par individual, Patten(1962) 
equation; Sandy Creek. (*.O DO indicates no 
Chironomidae observed in sample) 
STATION I I I I I I 
REPLICATE A 8 A 8 A 8 
I I: 24: 19 70 1.000 0.000 0.000 0.000 
111:12:1970 0.241 0.063 0.000 
111:24:1970 *.000 o.ooo o.ooo 1.000 0.991 0.999 
l v: 7: 19 70 0.918 0. 29 7 o.ooo *.ODO o.ooo 0.815 
IV: 21 : 19 70 o.ooo o.ooo *.O DO *.000 0. 6 76 0.000 
V:5: 1970 0.658 0.494 0.522 1. 5 79 0.256 0.244 
V:19:1970 0.000 0.000 o.ooo *.000 0.650 0.000 
VI: 2: 19 70 o.2t,5 0.558 o.ooo 0.721 0.552 0. S43 
v l: 18: 19 70 0.000 o.ooo 0.811 *.000 0.116 0. 146 
Vl:30:1970 0.329 0. 9 52 0.821 0. 591 0.301 0. 3 24 
V 11 : 14 i 19 70 0.869 0.835 0.904 0.811 0.550 0.612 
VIl:28:1970 1.360 0.977 0.803 0.803 0.830 0. 798 
VII l i 11 : 19 70 0.650 0.999 0.434 0.827 0.869 0. 901-4 
VIII :26: 1970 0.991 1 • 16 7 0.357 0.351 0.745 0. 68 1 
IX:8:1970 0.905 0.925 0.399 0.746 0.801 0.725 
IX:22:1970 0.715 0.784 0.918 0.937 0.745 1. 093 
x: 6: 19 70 0. 796 0.517 0.672 0.840 0.000 0.119 
X:20:1970 o.ooo 0.347 *.000 a.OLIO o.ooo 0.503 
XI 2 3: 19 70 0.738 1 .059 0.523 0.503 1.L,85 o.ooa 
XI : 17: 19 70 0.529 0.000 o.ooo 0.210 0.721 0.566 
x 1 r : 1 : 19 10 o.ooo 1.000 0.834 0.413 0.834 0.816 
X 11 i 15: 19 70 o.ooo *.000 0.228 0.710 0.227 0.629 
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